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General Provisions

The methodological guidelines systematically preseheoretical
information for determining the stress-strain stafebeam structures under
constrained torsion. Examples of calculating certgpes of beam structures
under bending-torsional effects are considered etaij and expanded
assortments of rolled metal products with the n&sgssectorial geometric
characteristics are presented.

Necessary attention is paid to the formation ofwalion schemes when
designing beam structures under constrained tar§imm a practical point of
view, issues regarding the need to consider varif@esors and simplify
calculation schemes are examined.

The presentation of the material complies with risguirements of DBN
V.2.6-198:2014 "Steel Structures. Design Standaad®d current regulatory
materials. The system of notations and indicesamiy based on ST SEV 1565-
79 "Normative-technical documentation in constiuctiLetter designations”.

The presentation of the material is accompanieddbgulation examples
in the volume necessary for completing calculaBod graphical works for the
course "Special Course of Metal Structures™ angbet&lized Training
Discipline in Metal Structures" for applicants gfesialty G19 "Construction
and civil engineering”, and can also be used indiéeelopment of individual
sections of the qualification work.

The content of the methodological guidelines cqroesls to the program
of the courses "Special Course of Metal Structu@sd "Diploma Specialized
Training in Metal Structures" for applicants of sjadty G19 "Construction and
civil engineering", taught in construction univéies for specialty G19
"Construction and civil engineering".
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Conventional symbols

cross-sectional area (cm?);
geometric length of the
element (m);

height and width of the
cross-section (cm);
bending-torsional
bimoment (KN-m2);
modulus of elasticity
(MPa, kN/cm?);

shear modulus (MPa,
KN/cm?);

axial moment of inertia of
the cross-section (chn
polar moment of inertia
(cnf);

sectorial moment of inertia
(cnr);

sectorial area (cm2);

radius of gyration of the

cross-section (cm);

bending moment (KNm);

torsional moment (kNm);

Ww— sectorial section modulus (ém

X, Y, &

dz—

ds—

designation of coordinate axes;
longitudinal strain;

absolute linear deformation;
angle of twist of the cross-
section (° or rad);

normal stresses (MPa, kN/cm?);
shear stresses (MPa, kN/cm?);
elemental length of the element
in the direction of the z-axis;

elemental length of the element
along its generatrix;

— coordinates of the shear center of

the cross-section (cm, mm)
displacement of the element
point along the centroidal axis
(z-axis);

displacement of the element
point along the tangent to the
contour;

partial derivatives for
determining the displacement
increments of cross-sectional

points;



Conventional symbols (continued)

N _ axial force (kN);

d_ uniformly distributed load
per unit length or area
(KN/m, KN/m2)

r— radius (m, cm);

J_ thickness (cm, mm);

W _ section modulus (cm3);

P— point load (kN);
Q_ shear force (kN);

w...— sectorial area of the most
distant point of the cross-

section (cm?);

m— torsional moment intensity

relative to the shear center

(KNm/m);

angles of rotation of the section
sides due to positive
displacement increments;
relative shear of the element
under positive displacement
increments;

sectorial shear stresses (MPa,
kN/cm2);

polar moment of inertia (ct)

sectorial normal stresses (MPa,
kN/cm2);

sectorial static moment (¢
sectorial-linear static moments
(cn®);

total torsional moment (kNm).



8 1. Thin-walled rods of closed and open profiles

A thin-walled rod is defined as a bar of cylindrical or prismatiagé
in which all three dimensions differ by orders adgnitude: specifically,
the length is much greater than the overall sizh®fcross-sectional
contour (midline), and the dimensions of the contre much larger than
the thickness of the cross-sectidrr@ = h > 9) (Fig. 1).

}
&[ ye
Fig. 1

Thin-walled rods can have either a closed or omenaur in their cross-
section.

The behavior of a thin-walled rod with a closedssrsection differs
only slightly from that of a solid rod. If defornmams of the cross-sectional
contour and shear deformations are neglected, thmal stresses in a
closed-section rod are distributed according to phene section law,
regardless of the point of application of the ledthin the cross-sectional
plane.

For thin-walled rods with an open cross-sectiore fillane section
assumption (Bernoulli’'s hypothesis) has a limitadge of applicability. It
holds true only for specific ways of applying thde¥nal load within the
cross-sectional plane.



8 2. Pure and constrained torsion

The case of torsion in which no normal stresseseain the cross-
section—meaning that the elements of the twistom) do not experience
bending, and the shear stresses are distributédriony across all cross-
sections — is calleft ee or unconstrained torsion.

Fig. 2 Fig. 3

Let us consider an I-beam steel rod subjected tmendés M applied at
its ends — equal in magnitude, opposite in directend lying in a plane
perpendicular to the axis of the rod (Fig. 2a). Effect of this loading is
such that no longitudinal forces arise in the foe;ause all cross-sections
deform in the same way, meaning that the fiberss&emnh any two sections
do not elongate. The shear stresses that develtipsimod are distributed
uniformly across all sections. The cross-sectiohshe rod, which are
initially flat, do not remain plane after deforn@ti instead, they become
warped. This warping of the cross-sectional plahe dhin-walled rod
under deformation is referred to as cross-sectimaaping ordeplanation.

The deformed I-beam rod under pure torsion is shioviig. 2b. As we
can see, the flanges of the I-beam remain stravpile rotating relative to
each other. The longitudinal axes of the flangeateoby a certain angle
without bending.

A very different case is shown in Fig. 3a, wherd-beam is subjected
to a torsional moment M applied in the middle of tiod and balanced at
the ends by moments of M/2.

We can represent these moments as pairs of fortkesavever arm h,
which equals the distance between the axes ofldhgds (see Fig. 3b). In
this representation, each flange of the I-beam lmmamconsidered a beam

8



under bending, subjected to a concentrated foroe the middle of its
span.

The mid-cross-section of the rod, due to symmeteynains plane,
while all other sections become increasingly wargesl farther they are
from the midpoint. As a result, the basic equatbmpure torsion does not
apply in this case: the difference in deformati@iween adjacent cross-
sections leads to the development of normal stse$seeach flange of the
I-beam, one half of the fibers will elongate, whilee other half will
shorten. The top and bottom flanges will bend irpasite directions
relative to the vertical axis of the rod. The defed shape of the I-beam
under such conditions is shown in Fig. 4.

Fig. 4

Thus, In this case, torsion is accompanied by mendif individual
elements of the rod and the appearance of normeds&s in its cross-
sections. For this reason, such a torsional cassfasred to avending or
constrained torsion.

The appearance of normal stresses here is assbcwitd the
constraints on free warping of the cross-sectias,the longitudinal
displacements of the points in the cross-sectienestricted.

The most comprehensive theory for analyzing thitlegiarods under
combined bending and torsion was developed by dweSscientist Prof.
V.Z. Vlasov. This theory is thoroughly presentedhis work “Thin-Walled
Elastic Beams” (Stroyizdat, 1940).

8§ 3. Hypotheses underlying the analysis of open and closed thin-walled
rods

The theory of constrained torsion for open thinleglrods is generally
based on the following hypotheses:

9



1) shear deformations in the mid-surface of the aoelassumed to be
zero;

2) thecontour of the cross-sectialmesnot deform;

3) normal stresseg, across the thickness of the wall remain constant,

while shear stresses across the wall thickness vary linearly.

To explain the first of these hypotheses, consadazctangular element
of the mid-surface of the rod, labela@8CD, with dimensionglz along the
longitudinal axis of the rod ands along its generator (Fig. 5). After
deformation, the points of this element undergdiapdisplacements, and
the element itself changes shape.

U g
m u+a—é‘a’h
dz
A B -z
A — #‘ ] v+§—‘z’dz
= B
e |
C | D |
Ciy \
o =
u+§—?a’s
Fig. 5 Fig. 6

The axial force is considered positive if it sthets the element and
is directed along the increasing longitudinal cawate. The coordinates of
the shear center are denoted hereafter anda, .

The bending momeriifx about theDX axis is considered positive if,
when viewed from the tip of th@X axis, the moment rotates the right part
of the rod clockwise. The bending momeMty about theQOY axis is
considered positive if, when viewed from the tip tbk OY axis, the
moment rotates the right part of the rod clockwidge torque and sectorial
coordinate of a cross-section point are considpositive if, when looking
from the tip of the longitudinal axis, the rotatigdius-vector turns
counterclockwise about the pole.

Let the displacement of poirdt of the element along the generator (z-
axis) be denoted by, and along the tangent to the contour —vbyhen,
the neighboring points of the element will expecendisplacement
increments, which can be expressed through theegmonding partial

— : L ou
derivatives: the displacement of polBtalong thez-direction isu +a— dz,
z

10



and along tha-direction v+?dz; the displacement of poi@ along the
V4

L L Vv
z-direction isu + g_u ds, and along the-direction isv + g— ds.
S S

The initial and deformed configurations of elemABCD are shown in
Fig. 6.

The relative shear of the element is characterlaedhe sum of the
anglesa andp, through which the side&B andCD rotate during positive
increments of displacementsandv.

ou ov

(u+—d9-u (wW— dz—
y=a+p=tga+tgf=—0 — 4 07
ds dz
From this, we obtain:
ou ov
=+ —. 1
4 0s 0z (1)
| dz |
4‘ ‘B Z
Ai_ 3
! :
c| D |
c. T
sY
g
Fig. 7 Fig. 8

The absence of shear deformations in the mid-seidéthe rod, that is,
the absence of angular deformation between thatlahgal fibers and the
contour of the rod, is defined by the equality O.

This means that the elemeABCD, after deformation, will undergo
linear and angular displacements but will not cleantg shape (it will
remain rectangular) (Fig. 7).

Thus, based on equation (1), the condition impasedhe rod by the
first hypothesis can be analytically expressedHsws:

TR (2)

0s 0z

The absence of deformations of the cross-sectiomalour of a thin-

walled rod, which constitutes the essence of tlterse hypothesis, means

11



that during the transition of the rod from the uiodemed state to the
deformed state, the projection of the distance betwany two points of
the cross section onto the cross-sectional plamaires constant. In other
words, the section may rotate and may undergo war(deplanation) in
such a way that after deformation, the projectibthe deformed section
onto the plane of the cross section remains unathngn illustration of
this hypothesis for an I-section is shown in Fig. 8

In the calculation of closed thin-walled rods, wil wot adopt the first
hypothesis; that is, we will assume that shear rdetions in the mid-
surface of a closed section are not equal to zedoage related, according
to the standard Hooke’s law, by the relation:

ou ov T
=t —=— 3
4 os 0z G (3)

As for the second hypothesis, it is fully acceptethe analysis of thin-
walled rods with a closed cross-section. That is, assume that the
contour of the cross-section of a closed thin-vshlled does not deform
within its own plane.

The third hypothesis is described in more detag6n

8 4. General information on thetheory of constrained torsion

If a thin-walled non-circular rod is subjected twsion and there are
constraints on free warping either at the endshageirtain cross sections,
the rod will no longer experience free (unconstdjntorsion. In this case,
the longitudinal displacements of the cross-secpoimts are restricted,
and torsion will therefore be accompanied by theettgment of normal
stresses.

The constraint of free warping of cross sections loa implemented in
various ways: for example, sufficiently stiff outqolane diaphragms can
be welded to the ends of the rod (Fig),%r one end of the rod can be
fixed into a wall while a torque is applied to thiher end (Fig. 8.

12



Fig. 9

Torsion can lead to the appearance of normal &sesst only in the
presence of special constraints but also in caseseahe torque varies
(see Fig. 3) or when the cross-sectional dimensrenge along the
length of the rod.

The torsion of a thin-walled rod under constrainedsion occurs
around an axis that passes through a point catledghtear center. This
special point of the cross-section has the follgwproperties: if the
transverse load acting on the rod, i.e., the rasultf shear stresses, passes
through this center, and if the normal stressethatends of the rod are
zero or distributed according to the plane secassumption, then the rod
will be subject only to bending (without torsion).

For an I-beam and, in general, for rods whose eseston has two
axes of symmetry, the shear center coincides with dentroid of the
section. For rods whose cross-section has one ax@® of symmetry, the
shear center does not coincide with the centrodliarocated at a certain
distance from it. In particular, for a channel gatt(see Figs. & %), the
shear center lies outside the section and is Idcateng the axis of
symmetry at a specific distance from the web ofpiwdile.

8 5. Deformations under torsion
Let us consider an arbitrary cross-section of aandpin-walled profile.
In Fig. 10, the cross-section of the mid-surfacéha profile is shown (the

midline of the section). In what follows, this cerer polygonal line will
be referred to as the profile contour.

13



90°

Fig. 10

Let the considered cross-section rotate by a samgle® around the
center of torsiom, which is currently unknownWe shall consider the
counter clockwise rotation as positive. The new position of any arbitrary
point M will be denoted asM.. Then, the projection of the total
displacemenMM; onto the tangent to the contour will be equal to:
v=MM, = MM, cosB =AM cogB =18, (4)
wherer — is the perpendicular from the center of tordimnthe tangent to
the contour at poirtl.

The projection of the total displacement onto teeegator of the rod,
which characterizes the warping of the rod, is dgeth@sMMs, i.e.,u =
MM:s.

To establish a relationship between u and v, weegs&ation (2), from
which it follows that:

a—u:—a—vz—ré". (5)
0S 0z

Solving equation (5) with respect to the functignwhich we find by
partial integration with respect gpwe obtain:

u:jrads+ f( 2, (6)
0
where f (z) — the derivative of a function that depends omiy.o
The productrds is evidently equal to twice the area of the eletaugn
triangle (sectorial area) shown in Fig. 10, whoasebis the differential arc
lengthds of the contour, and whose vertex is the centéwist A.
rds = dw. (7)

14



Let us denote this double areaasand substitute it into expression (6),
we obtain:

u:—B’JS'da)+ f()=-0w+ (2, (8)

Here, w denotes the double sectorial area correspondingpit M,
measured from the initial poidto. In Fig. 10, this area is bounded by the
radius-vectorsiMo, AM and the contour of the cross-section, and is shade
with a bold hatching. The origin of the sectorieda measurement (point
Mo) can always be chosen such that the arbitrarytifumd (z) equals zero

at that point.

Then we obtain:

u=-6fw, (9)

That is, the displacements arising during torsiesnaaresult of cross-
section warping (deplanation) vary according tol#weof sectorial areas.

8 6. Normal and shear stresses

If an open thin-walled rod is subjected to considi torsion, meaning
there is some form of restriction on the free wagp{deplanation) of its
cross-sections, then normal and additional sheasssts arise within them.

We will assume that the normal stresses are unijodistributed across
the wall thickness of the cross-section (see R2j. As for the distribution
law of these stresses along the cross-sectiondabugnit can be easily
established using formula (9) for longitudinal def@ations along with
Hooke's law.

Taking the partial derivative oft with respect toz, we obtain the
relative elongation:

=M g (10)
0z

: ou
(Under pure torsiom = consj, as a consequencg,— =0).
Z

According to Hooke's law:

g=Es=-Ef'w,
or
o, =-Ef'w. (11)

The formula (11) shows that the normal stressesmumdnstrained
torsion are distributed according to the law otseal areas.

Hereafter, these stresses will be referred teeeterial normal stresses
and will be denoted by .

15



The shear stresses at the edge points of the seatien of the rod —
whose lateral surface is free of stresses — arayalwirected tangentially
to the contour (Fig. 12)

r

Fig. 11 Fig.12
Due to the small thickness of the rod compared t& averall
dimensions, it is assumed that across the thickofebe rod, that is, when
moving from pointA to point B, the magnitude of the shear stresses
changes insignificantly.

a) 0)

T Tw

Fig. 13

Therefore, we will assume that the shear stregsas arbitrary point of
the cross-section of a thin-walled rod are directadgentially to the
contour arc and vary linearly across the thickmdsbe rod (Fig. 13).

Under these assumptions, the shear stresses aiedetb shear forces
acting in the direction of the tangent to the cantarc (Fig. 18) and to
torques that arise due to the difference in shaasses at the extreme
points across the thickness of the cross-sectimn {Bs).

The former, which accompany the sectorial normadsses as a result
of bending of individual elements of the crossieect will be called
sectorial shear stresses and denoted by, ; the latter, which correspond to

pure torsion, are equivalent to a torque and afieebkby the formula:

16



M, ,—torsional moment

O — thickness of the element;
J4 — polar moment of inertia (torsional resistance).
To determine the warping shear stressgswe isolate an element of

the profile of lengthdz using two transverse and one longitudinal cross-
sections, and consider the equilibrium of the norared shear stresses
acting within the element (Fig. 14)

Fig. 14
From the projection equation onto the generataction (along the-
axis), we obtain:

9% 45y di+7,5d2=0.
0z

—j awdA+j (g,+
Aeid Asld

Substituting the value af, from formula (11) into this expression and
dividing bydz we obtain:

r,0+ | 9% 44 = 0: r,0-E6" [ axd=0;
Ao Agio

0z
from which:

Eelﬂ
r,=— | odd. (12)

5 A@id
I wdA4 in formula (12), there is a sectorial static moteavhich is
A@id

defined only for a separated part of the cross@®cive denote it b)Bjj":

17



S = j W . (13)
A{fi()
In this case, formula (12) takes the form:

610
7, = EH’"%. (14)

8 7. Geometric characteristics of the cross-section of a thin-walled rod

Each point on the contour of a thin-walled rod'®ssrsection is
characterized not by two, but by three coordingtes:linear onesx andy,
and one sectorial coordinat® (sectorial area), which is measured in
square centimeters (Fig. 15).

=
e

—

Fig. 15
To define the linear coordinates, as is well knowns necessary to
know the centroid of the cross-section, pdhtand the orientation of the
principal central axes andy. Similarly, to define the sectorial coordinates,
as we have seen above, it is necessary to knomemaentral point of the
cross-section the shear center A — and the initial point for measuring
sectorial areas\fo, which, by analogy, we shall refer to @ principal

sectorial point of the cross-section.
In the theory of thin-walled rods under constraitecion, along with
the well-known geometric characteristics associateith the linear

coordinates of the cross-sectioB, (:'[ yd; S :'fdi; J, :j Y4,
A A A
J, :szdA), new geometric characteristics related to thetosied
A

coordinatew are also encountered, which are defined by integrfathe
following form:

18



Jedd, [exdd, [owydd, [efdd.

According to the well-known theory of moments oéritia, we have
introduced the following names and notations festhintegrals.
The first integral is calledhe sectorial static moment and is denoted

by S,:
Sw:ja)dzl. (15)
A

Unit of measurement ent.
The second and third are calldde sectorial-linear static moments

and are denoted by, and S,
S, = ja)xdel. (16)
A

Swy:'[wydél. (17)
A

Unit of measurement en.
And finally, the fourth integral is callethe sectorial moment of

inertia and is denoted by :

Jw:jwsz. (18)

Unit of measurement en?.
The ratio of the sectorial moment of inertia to sieetorial coordinate of

the most distant (extreme) point of the cross-eaeti contouraw, ., is

J
denoted by, (by analogy withW, = I, andW, =—Y ) and is called

ymax Xmax
the sectorial moment of resistance:
J
W, =—=. (19)
.

max

Unit of measurement ent’.
The sectorial static momen§_ and the sectorial-linear static moments

Sx and S, , as seen from formulas (15), (16), and (17), campdsitive,

negative, or equal to zero, while the sectorial monof inertia, defined by
formula (18), is strictly positive, since the comiate w appears squared in
the integrand.

19



8 8. Coordinates of the bending center and theinitial reference point
of sectorial coordinates

When a thin-walled rod is subjected to torsion,ittternal forces in any
cross-section reduce to a torque and cannot prodeoding moments
about the principal axes of the cross-sectiox and Oy. Therefore, to
determine the coordinates of the bending centem ®quilibrium
conditions can be used:

> M,=0and) M, =0.

The first of these, in expanded form, will have tlh&lowing
appearance:

> M, =~[0,ydd = [EF wydd = EO' | coydd.
A A A

SinceE@" # 0, we obtain:
Ia)AydA =0. (20)
A

Similarly, using the second equilibrium equatiom, @btain:
Jaxda=o0. (21)
A

The subscripA in w emphasizes that the sectorial area is takenvelati

to the shear centé.
To determine the coordinates of the shear cemeusl consider an open

thin-walled section subjected to oblique bendinig.(E6)

Fig. 16
Let us bring the cross-section to the principalti@raxesOx and Oy
and first consider the case of simple bending athm®x axis.

20



Normal and corresponding shear stresses will amisiee cross-sections
of the rod. The latter, as is known, are determibgdthe Jourawski
formula, which in this case takes the form:

Q
Jdelj‘)ydA, (22)

whereQ, — the projection of the transverse force ontoytagis;

7=

I ydd — the static moment of the separated part of tlessesection
Am‘()
relative to thex-axis.

The direction of shear stresses at an arbitrargtpafi the thin-walled
profile cross-section, as previously mentionedncioies with the direction
of the tangent to the cross-sectional contourattbint.

Let point A be the shear center of the cross-section that nge a
determining, and let— be the perpendicular drawn from this center & th
tangent to the contour at the considered crossesatipoint.

The elementary moment of fordads with respect to the shear center
Ais given by the expression:

dM =rdrds=r190 dw, (23)

where rds, according to formula (7), it is equal to the seet area
dw.

Substitutingr from formula (21) into formula (22), we obtain:

dM :%dw Y. (24)
X Agi

The moment of shear stresses over a segment oddhaf lengtiss will
be equal to:

=] 3

0 Vx \ 4,

ydAjda). (25)

Integrating, we obtain the equation:

:%{wj ydA—ia)ydA}. (26)

X A 0

If the integrals in formula (26) are extended aver entire cross-section
of the profile, we will obtain the moment of thesuétant shear forces
relative to the shear cent&r Moreover, the first of the integrals in formula
(26), as the static moment of the entire crossaecelative to the neutral
axis, is equal to zero, and formula (26) will take following form:

omc
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M :(j—:JAwydA. (27)

It was mentioned earlier that the bending centethés point through
which the resultant of the shear stresses passes.

. . - Q
In this case, expression (27) must be equal to, ze1d since— # 0,
X

the first equation for determining the coordinatéthe shear center can be
written as follows:

ja)AydA:o. (28)

In a similar way, by considering the case of simpdmding about the
Oy axis, we obtain another equation:

IwadA:O. (29)

Let us remind that the sectorial areain equations (28) and (29) is
taken relative to the center of bending of the isactwhich we have
highlighted with indexA at w, and that thex andy axes are the main
central axes of the section.

Equations (28) and (29) are analogous to equatiisand (21), which
means thathe torsion center under constrained torsion coincides with
the center of bending.

Before deriving the formula for determining the odinates of the
center of bending, let us show how the sectoriglaachanges when
transitioning to a new pole.

Let the pole be moved from poiAtto pointB (Fig. 17); we will denote
by w, and wjthe sectorial areas corresponding to the polesiatgA

andB. The differentials of these areas are expressdhdeéiormulas:
dw, =r,ds; (30)
da, = rgds. (31)
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B
Fig. 17
It can be seen from the figure that:
g =r,—0,-a)sina-b,~acox, (32)

where a — the angle of inclination of the tangent at pdihto theX-
axis.

Substituting the value of, from (32) into (31), and knowing that
dscosa = —dx anddssina = - dy, we obtain:

deg, = dw, - (b - a) dy+ (- ) d. (33)
Integrating both sides of equation (33), we obtain:
wy =w, - (b,—a)y+(b,— a) x+au, (34)

where «, — an arbitrary constant that depends on the orginhe

sectorial area measurements.
Let us express formula (34) in the following form:

w,=wy +(b,—a)y-(b-a) xa, (35)
Formula (35) is the transformation formula for seietl areas when

shifting the pole.
Substituting the value ofy, from this formula into equations (28) and

(29) to determine the coordinates of the centdreoiding:
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Janydt =[ayydt+(b,-a)] ydi-(b,~a)] xydi—

A A A A

~ap| ydd=0
A

[wxdd = [ wxdd+ (b, - a)[ xydt-(b,~a)| ey (36)

—%j Xxd4 =0
4

/

In these equationﬁ ydd4, I Xd4 , I Xyd4, as the static moments and
A A A

the centrifugal moment of inertia of the cross-eectrelative to the

principal axes< andY are equal to zero:

I ydA:I di:_[ xyd4 =0.

A A A

Since'[ x4 =7, andj y’d4 =J, are the principal moments of
A A

inertia of the cross-section, equation (36) takesfollowing form:

[aayda+3,(b,-a)=0]
) > (37)

Japxdd-J,(b,-a)=0
A J

Assuming pointA to be the center of bending, which we are
determining, and poinB to be an arbitrary point of the cross-section,
introducing the notation:

a,—b=a, (38)
a, ~ by =4a,
we obtain:
[y
a, =4
X JX
‘I%de (39)
— A
ay oy
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The coordinates of the bending cemerdetermined by formulas (39),
are thus expressed in terms of the coordinatesathar arbitrarily chosen
point B of the cross-section, which serves as the poletHferauxiliary
sectorial areau; .

The integrals in the numerators of formulas (39 @othing other than
the sectorial-linear static moments, which arergefiby formulas (16) and
(17), namely:

S :J‘a)Bdef
4 . (40)

Sy = IwB yd
A

Substituting them into formula (39), we obtain:
S

wBy

J

a =

<\ (41)

y
Formulas (39) for determining the coordinates &f ¢tenter of bending

are similar in form to the formulas for determinitige coordinates of the
centroid of the cross-section:

S, ;
=— an =—,
% A Ye

with the only difference is that in the numeratmstead of the static
moments, there are sectorial-linear static momamid,in the denominator,
instead of the area, there are the principal mosnehinertia of the cross-
section.




Point B may be chosen as any arbitrary point on the condduhe
cross-section, from which the required coordinates and a, are

measured along the directions of the principal &eandOy (Fig. 18).

If the cross-section has a symmetry axis, thenhmpsing the auxiliary
pole and the starting point for sectorial coordasadn this axis, we find
that the sectorial-linear static moment with respedhe pole and this axis
will be zero. This means that the center of bendiag on the axis of
symmetry.

If the cross-section has two axes of symmetry, themn center of
bending is located at the intersection of theses aixe., it coincides with
the centroid of the section.

The same property applies to profiles that satilsé/ conditions of so-
called point symmetry — for example, a Z-profildthaugh it is skew-
symmetric, its center of bending also coincideshwiite centroid of the
section.

The center of bending of angle, T-shaped, crospeshaections, or in
general any profile composed of several plates. (F8), is located at the
point of intersection of the axes of the individeéments. This follows
from formula (41) — by choosing the auxiliary p&8et the point where the
plates intersect, the numerator in this formuleobees zero.

As is known, the principal axes of a cross-seciimndetermined under
the condition that the product of inertia of thetsm with respect to them
IS equal to zero.

L L == =~

A A

Fig. 19

The principal sectorial point (Fig. 15), which sesvas the origin for
measuring sectorial coordinates, is determined fm@milar condition:

S,=0. (42)

Condition (42) is usually satisfied not by a sing@ant but by several
points on the cross-section that have sectoriatdioates equal to zero.
We agree to call the principal sectorial point ¢me among them that lies
at the shortest distance from the center of bendity example, in a
channel section, there are three sectorial zerot@orresponding to its
three flanges (Fig. 20); however, the principal @eonsidered to be the
point where the profile’s axis of symmetry intertsethe web axis, as it is
the closest to the center of bending.
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In general, for rods with one axis of symmetry, grencipal sectorial
point is located at the intersection of the crasstien’s contour with this

axis.
y Mo (sectorial
i zero point)

|
X, WMo(main X
A | sectorial

‘ point)

%@

Olx %0 Mo (sectorial
| zero point)
Y
Fig. 20

For rods whose cross-section has two axes of symntae principal
sectorial point coincides with the center of beggdiwhich, as mentioned
earlier, is located at the centroid of the sectionangle, T-shaped, and
cross-shaped profiles, the principal sectorial palso coincides with the
center of bending, i.e., it is located at the is¢€etion point of the axes of
the individual flanges.

In practical calculations, it is recommended toad®as the principal
sectorial point any point on the axis of the flartbat is closest to the
center of bending. The coordinates of this poietexpressed as a function
of a parametet (for example, the distance from one end of tlaadk),
and then, using equation (42), the value of thrap@ter is determined.

8 9. Bending-torsional force components associated with the
deplanation of the cross-section

From the course in the strength of materials far-tion-walled rods, it
is known that if a rod is subjected to a complerss state, the following
relationship holds:

N:deA;My:jadi;MX:jaydA.

The first of these expressions shows that the rategf the normal
stressesodd, distributed over the entire cross-sectional aethe rod,
results in the normal forde.

The second equality indicates that the integrathef product of those
same stressegdd4 and the coordinatg (i.e., their distance from thg
axis), taken over the entire cross-sectional akeags to the bending
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moment about thg-axis. And finally, the third equality — the intedjrof
the product ofod4 and the coordinatg— results in the bending moment
with respect to thg-axis.

If, by analogy with this equality, we take the pmotlof cd4 and the
sectorial coordinate of a point on the cross-sactioexpressed by the
sectorial areaw, defined relative to the center of bendiAgand the
principal sectorial point/o— and integrate it over the entire cross-sectional
area, we obtain a new static quantity, which we dehote byB_ and call

thebending-torsional bimoment, that is:
B, = j owdA . (43)
A

The concept of this new static factor — associatgld the distribution
of normal stresses over the cross-section of aviiilled rod according to
the law of sectorial areas — can be interpretedhaswork of external
longitudinal forcesodd4 acting through unit displacements distributed
over the cross-section according to the sectores distribution.

Indeed, if we consider unit longitudinal displacertse uniformly
distributed across the cross-section, the work dogethe external
longitudinal forces on these displacements eqhalsxial forceN.

Similarly, the work of external longitudinal force®n unit
displacements distributed over the cross-secti@ording to a linear law
(with a neutral axis along the principal axis or yy) will correspond to
the bending momemix (or My), respectively.

By analogy, the work of external longitudinal fosceon unit
displacements distributed across the cross-seatioording to the sectorial
law—as used in formula (43) — will be equal to thending-torsional
bimomentB,,.

By substituting into the right-hand side of expresg43) the value of
o under constrained torsion from formula (11), wéaoh

B, = —£ EQ'c/fdd = —EB”!a)ZdA.

Or, using formula (18), we can obtain:

B,=-E&"J,. (44)

Then, formula (11) for the normal stresses canllfirize expressed in
the form:

o, = Bwa. ( 45)

w

Formula (45) is easy to rerod, as it is similar form to the
corresponding formula for normal stresses in trarss/bending.
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M, X
M.y org, =——.

X y
However, in the numerator of formula (45), insteafdthe bending
momentMx (or My), there is the bending-torsional bimomds)j, and in
place of the linear coordinate(or x) of the point where the stresses are
determined, the sectorial coordinateof the corresponding point appears.
In the denominator, instead of the equivalent mdroémertia J, (or J,),

g =

X

there is the sectorial moment of inerdg.

The normal stresses at the extreme points of tbhesesection can be
determined using the formula:

B
O,=—", 46
°TW, (46)
where W, — the sectorial section modulus, which is defingd the
formula (19).

Let us focus on the concept of the bimoment. Itloaclearly illustrated
using an I-beam cross-section.

The normal stresses that arise in the cross-sectbma thin-walled I-
section beam under constrained torsion can be lidsdaas two parallel,
equal, and oppositely directed pairs of forcesngctn the planes of the
flanges of the I-beam (see Fig. 21).

Such a system of forces is referred toaa$orce bipair, and it is
illustrated as shown in Fig. 21b. The product & thoment of one of the
pairs and the arm of the bipair (the shortest dstebetween the planes of
the force pairs) is callethe bipair moment, or as previously mentioned,
the bimoment.

The bimoment causes bending of the flanges of ¢#aenb and since the
flanges bend in opposite directions, this bendmgcdcompanied by torsion
of the entire beam about its axis. That is why timoment is referred to
asa bending-torsional bimoment. Its unit of measurement kiN-cm2,

In § 5, we established that in any cross-sectiora diin-walled rod
under conditions of constrained torsion, two typéshear stresses arise:

the sectorial shear stresses and the shear stresses due to pure torsion
I - Ihe first of these, acting over the entire cresstion of the rod, result

in a moment which we will refer to d@be bending-torsional moment,
denoted byM .
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Puc. 21 Puc. 22

The second type, corresponding to pure torsionyltrés a torsional
moment denoted byMiwr. FOr an I-beam cross-section, this transformation
is illustrated in Figures 22 and 23.

The algebraic sum of the bending-torsional momerat the torsional
moment will be denoted Ry

L - M w + I\/ItOI”

and will be referred to asetotal torsional moment.

The bending-torsional moment is defined as thegnaleof the moments
of the elementary sectorial shear stresses witteotso the bending center
A, distributed over the entire cross-sectional afethe rod (see Fig. 24),
namely:

M, =[7,drds=|7, ddw.
A A

(47)

By integrating it by parts (assuming thato =u and dw= dv), we
obtain:

M, :uv—Ivdu:|rw5ajA —jwi(rwé) de.
’ ° 0S

The first term on the right-hand side of this exgsien will equal zero
because there are no shear stresses on the langitustges of the
considered rod, and, as a result — according tadbiprocity property —
they must also be zero at the extreme points ofrihes-section.

In that case, we obtain:

d (E8"
Mw:—iwg(TjwdAjdds:—EH iaﬁ .
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Fig. 23 Fig.24

Substituting into the last equation the value pf from formula (12)
and the value ofl , from formula (18), we obtain the final expression
the bending-torsional mome :

M,=-EJG". (48)

Comparing expression (48) with expression (44)caeclude that there
is a differential relationship between the bendioigional moment and the
bending-torsional bimoment, which is similar to tlwrresponding

relationship between the shear force and the bgndiwoment in the

mechanics of materials for thin-walled rods, namely
B
M, = 3 (49)
dz

Substituting the value oM, from formula (48) into formula (14), we
obtain the final expression for the warping (saatpshear stresses:

r =—2% (50)

§ 10. Differential equations of equilibrium

Let us consider equation (47), which defines thal tmrsional moment
L, and substitute into it the value d¥1, from formula (48) and

M, =GJ,&':

-EJ 0"+ Gl 8 = L. (51)

Differentiating equation (51) with respectzowe obtain:

-EJ 8" + GJ,0" :%. (52)
V4
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If the external load) is non-uniformly distributed along the length of
the rod, then the intensity of torsional momentwith respect to the shear
center will also be a variable quantity:

m=mn( 2.

The intensity of the continuous moment laafiz) can be interpreted as
the intensity of change of external torsional moteaiong the length of

the beamm = % .
dz

Indeed, consider an element of a thin-walled rotengthdz which is
subjected to moment loading with intengity At the ends of this element,
torsional momentk and L +dL will act (Fig. 25).

{///7//@

Fig. 25

Let's write the equilibrium equation for this elemtie
—L +ndz+( L+ dl) =0.
From the last equation:
dL
- = m

dz

The differential relationship (53) is analogous ttee well-known
relationship between the shear force and the iityen$ the distributed

load ($=q).

(53)

L L. : :
Substituting the value egcrlnto equation (52), we obtain:
V4

-EJ 6" +GJE" = m. (54)

The differential equation (54) will be calletde differential equation
of the elastic line of torsion angles (by analogy with the differential
equation of the elastic line in bending)

In this equation:

EJ , — sectorial warping stiffness of a thin-walled rod
GJ, - torsional stiffness under pure torsion.
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Using equation (54) for segments of the rod thatrent directly loaded,
it should be assumed in it that:

m=0.

Pozninusum iforo Ha EJ , i BBiBIIM NO3HAYCHHS!

Dividing it by EJ , and introducing the notation:

EJ W — k2’ ( 55 )

GJ,

we then obtain:

gV -k = - (56)
EJ,

k in equation (56) will be referred to ahe bending-torsion
characteristic of therod, with the unit of measurement — ¢m
Substituting into equation (56) the value&f from formula (44):

9":_ Ba) andeIV:_ Ba) ’
w EJ&)
we finally obtainthe differential equation of bimoments:
B! -k’B, =m, (57)

This equation is convenient to use when it is nemgsto determine
only the force factors arising in the cross-se&ioha thin-walled rod.

8 11. Practical application of thetheory of calculation considering
constrained torsion.

11.1. Calculation of beam structures under constrained torsion
conditions.

Purlins placed in roofs with a slope of up to 2%diion as ordinary
beams that carry vertical loads. The structurasighig model of the purlin

is as follows:
q&ﬁ
\\ )
\\ y q center of |

VAR / gravity ‘//
center of VS /1 a
AN bending ™, \\¥="
x A
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In practice, there are also frequent cases whengddition to vertical
loads, horizontal forces are transmitted to therise@due to the placement
of bracing structures such as frames or archesherbéams, or due to
crane loads, etc.).

['panuyHe pPO3paxyHKOBE 3HAYEHHS PIBHOMIPHO PO3MOJIIIEHOTO TIO
OajKkax BEpTUKAJIbHOTO HaBAaHTAKEHHS JIOPIBHIOE

The ultimate design value of the uniformly disttéd vertical load
applied to the beams is:

O = 9 B (56)

The service (operational) value of the uniformligtdbuted vertical load
applied to the purlin is:

J. = 9.B. (57)
In formulas (56) and (579,,, 9, — represent the design (ultimate) and

service (operational) values of the load per 1 fithe roof, respectively,
taking into account the weight of enclosing stroesy the self-weight of
the beams, snow load, et®;is the spacing between the beams.

The components of the load on the span are equal to

g, =gsina; q, = qcosa (58)

The bending moment from the ultimate design loagedds on the
beam's calculation scheme and is determined basedh® support
conditions. For a hinged beam support:

M, =%l oy Gl (59)

my 8 ’ my 8 ’

| —a span of the beams.

As seen in Fig. 27, the load is applied relativéhid center of bending
with an eccentricity. The eccentricity of the |loagblication relative to the
center of bending is:

for q,:
e=x,+a,; (60)
for q,:
e=h/2. (61)

In formula (60), x, is the distance from the center of gravity of the

cross-section to the outer edge (see the metallgosidndard);a, is the

distance from the outer edge of the cross-secboahd center of bending
(see the metal profile standard).
h— a height of the beam cross-section.
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The bending-torsional bimoment is determined usihg formulas
provided in Appendices 1-3. For the case of a simppported beam with
a uniformly distributed load applied with eccentsic

|
e
_ael, *G7Y

w 2 ’
K chE
2

B

wherez — longitudinal coordinate of the beam, maximumueadf the
: : : I
bending-torsional bimoment whea E;

k — bending-torsional characteristic of the sectfeae metal profile
catalog, Appendix 7).

The strength of beams is recommended to be chetdadg into
account the development of limited plastic deforore:

M M., B
g=—-"T 4+ —+—2 <Ry, (62)

Csz.min cgl\/\)(.min Vy)
In this formula:
W W . — the section modulus with respect to the axesdy,

x.min? y.min
respectively;
C,, C,— the coefficient of limited plastic deformationvéépment (see

Appendix 6). When calculating structures within thkastic range of
material behavior, it is assumed tliat= ¢, =1;

R,— the design resistance of steel, determined byitid strength for

elements subjected to tension, compression, oribgiisee Appendix 4);
y.— a working conditions coefficient (to be takennfré\ppendix 5);

W — sectorial section modulus (see the steel prodiatalog in

Appendix 7).
In cases of limited torsion and bending in one @Jdarmula (62) takes
a simplified form:

M B
o=—C+—2<RyJ,. (63)
cW W
After this, it is necessary to perform the deflestcheck of the beam:
f<[f]. (64)

Here, [f,] is the limiting deflection, as specified by the BB
"Deflections and Displacements,"” anfd is the actual deflection of the
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span. The actual deflection depends on the typdoafl, boundary
conditions, and stiffness of the section. For apynsupported beam with

uniformly distributed load, the deflection is detened by the following

formulas:
=2 G =2 Gy

¥ 384EJ Y 384EJ,

f=\f2+ fy2
where q,,, d.,— the operational load valué& — the modulus of

elasticity of steel (usually, for construction $seet is taken as 2,06-10
MPa).

4 |4

11.2. Example of roof purlin calculation.

Select the cross-section of a purlin made of hidédochannel with
sloped inner flange faces according to GOST 8240+8%r the following
conditions: purlin spat=6m, spacing between purlinB= 3m, ultimate
design uniformly distributed load on the ro@-=3kN/m? service
uniformly distributed load on the ro@=2,5kN/m? allowable deflection
[ f,]=1/2001 purlin material — steel grade S245, roof slopasisumed to be
zero.

The design scheme of the purlin is as follows:

q
Y

center of center of

bending gravity
. X X
R T A A
P
) ! | !:
| Xo

ka
Y
The ultimate design value of the uniformly distitidd load along the
beam is equal to:

0, =9,B=3kN/ M Bu=%N /m

The service (operational) value of the uniformlystdbuted load
along the beam is equal to:

0. = 9.B=2,%N/ nt Bu=7,5kN/ n
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The bending moment from the ultimate design (limit)iformly
distributed load is:

M = q.1° _ 9KN/ mr{6m)
" 8
The bending moment from the service (operational)foumly
distributed load is:

2
M, = q€8' - 75N /;nE(Gm)z =33, 7%Nm
Required section modulus based on the strengthitemmavithin the
elastic behavior of steel:

Ve = M_  40,5KNmCLG
Ry, 24kN/cnt(,0
Value of the allowable deflection:
[fu]: I :60(I:m:3cm
200 200
Required moment of inertia of the cross-section:
eq_ D MJ? _ 5 33, 7%KNmI160 (6 )016

48E[f] 48 2,06116kN/ cnf 03w

=40,%KNm

=168, 75cm

=2047,&m’

According to the standard section table, we saleahnelNe22 with
the following geometric characteristics:

W. =192cn7 ; J_=2110cnd' ;
The distance from the outer edge of the web tostmear center
a, =26,64nm.

Elastic bending-torsional characteriskic= 0,015&n1*

Distance from the outer edge of the web to theroghof the cross-
sectionx, = 22,Imm.

Sectorial moment of resistance of the cross-section
W, =415,8%nf.

The eccentricity of the load application relatieoetihe shear center is
equal to:

e=x,+a, =22,Inm+ 26,64mnF 48, 74nr
The bending-torsional bimoment is determined byftineula:
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| _
chk (= - 2)

B, :q—ze 1_4“ ,

K ch—

2

where z — the distance from the support to the locationtied

: : : : ] I
maximum value of the bending-torsional bimomenttljis casez = E).

_; \600@cm _ 600cm
_0,0%N /cni,874m, Ch((0.0158m )% 600cm, s

2
1_
@ (0,015&m* § (0,015&m" )60@m

2

ch(

=1726, 4&Ncnf
We determine the equivalent normal stresses igrb&s-section:
_ M N B, _ 40,kNmLG N 1726,4&Ncm _
W W 192cni 415,81crh
=21,kN /cnt + 4,15kN /cm= 25,25kN /cfre R, =

= 24kN / cntf [1,1= 26,4kN /crm

which does not exceed the design resistance valdesatisfies the
strength conditions.

g

11.3. Example of floor beam calculation under conditions of
constrained torsion.

Select the cross-section of a beam made from edrélbeam of type
“III" according to GOST 26020-83, which supports tridagarches with
a spacing ofB=1m, under the following conditions: beam spiaiOm,
ultimate design uniformly distributed load on tlw®frgn=3kN/m?2 service
uniformly distributed load on the ro@t=2,5kN/m? allowable deflection
[f,]=1/250| beam material — steel S245, arch heiga8m, arch span
|=10m.

Vertical concentrated load transmitted from théndocthe beam:

_gBl
2
Design:

v =9n (B _ 3kN/ nt ELnﬂOm:15kN

" 2
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Service:

v, = de EZBEI _2,5%N /nt mm]lom:lz,EkN

Horizontal load transmitted from the arch to tharhe
2
H = g[BO :3kN/ nfELnf(lOn)2 = 4, 7kN
8F 8[8m
Given that the spacing of the arches is 1 m, thielevaf the

uniformly distributed load on the beam will be elimathe reactions from
the arches.

The design scheme of the beam is as follows:

element of
a triangular

Bending moment from the vertical ultimate desigado

|2
M = O !” _ 15N / mC{10my 187 &N
v 8 8

Bending moment from the vertical service load:

2
M, = q€8' _12,5N / g‘momi =156, 25KNm

Bending moment from the horizontal ultimate dedaad:

2
M= qngl _4,7kN /r;E(lOmf _ 58 75Nm

The value of the ultimate deflection:

[fu]: I :10003m:4cm
250 250
Required moment of inertia of the cross-sectionetasn the
stiffness condition:
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Jrom — 5 MJ? 5 156,25KNmJ100 (1en%)0 10

= = =19752,%n'
48E[f,| 48 2,06016kN f£nfO4m

According to the standard section table, we se&rdtbeanNe501111
with the following geometric characteristics:

W, =2518cn7 ; J, =6092&nf ; W, = 451cnd

Elastic bending-torsional characteriskic= 0,00353%n1*

Sectorial moment of resistance of the cross-section
W, =10566, Znt

The eccentricity of load application relative tcetbBhear center is
equal to:

e= h/2=484mm/ 2= 242mr
The bengling-torsional tzimoment Is determined byftineula:

chk( - 2)
B,=—[1-—2

w 2 D ERE
K chH
2

where z — the distance from the support to the locationtid

I
maximum value of the bending-torsional bimomenttljis caseZ = 5)'

L 300@m_ 100@m
_0,04kN /cni4,zm  CN((0.00358m™ X o )

©~  (0,00358mi" N ((0,00353m‘1 )1000m
2

= 60916, 2&Ncnf
Determine the equivalent normal stresses in thgsesection:

M_~ M B _187,EkNle(§+ 58, 7&KNn 1b+

W W W, 2518,0cm 451,0cm

X

N 60916, 2&Ncnf
10566, 2n'

=26,24N /cnf < Ry, = 24kN/ crhiLE 26,4kN/ cf

which does not exceed the design resistance value.

=7,4%N /cnf + 13,0%N /crh+ 5,76kN / che
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(Appendix 1)

Formulas and diagrams of bending-torsional bimomant total torsional moments in single-span beams

Ne | Beam scheme and type of Bending-torsional bimomentBw Total torsional moments Initial
loading diagram equation Maximum | diagram equation Maximum para-
value value meters
0 6=
= Bw= Ba
. ( Bow= _Bchkz z_O ) 6, =
chkl z=l L=0
Bw=B B #0
z | BwB =
( A hk Bw= Mib L=M o
5 z < E sz—MlW ,=0 T B 6,=0
¢ t B, #0
z
| B,=0
m _ m HA =
e —_m[ _
3 ¢ z=0 |Bw=mlc L=m(l-z) z=0 L=ml b =0
: bﬁxmy@ st (- 2)- = BT, B, %0
| ~chkl + ctkZ] B, =0
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i £) B z=0 |Bw=MIld L1=M 6, =0
o i 1
[E(SH(I - sh— )chz- % 8
2 B #0
4 z ® !
2 /2 ~chkistkZ] B, =0
M z=L/2 Ba):Mh L,=0
Bay,) =~ . ?
kehkl
[Shk (l —z)(ch%— 1)
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( continuation of Appendix 1)
Formulas and diagrams of bending-torsional bimosant total torsional moments in single-span beams

Ne | Beam scheme and type [of Bending-torsional bimoment8w Total torsional moments Initial
loading diagram equation Maximum | diagram equation Maximum para-
value value meters
/%A 6,=0
L ( ) stk(-z) |z=0 |Bw=B, 9 =0
Aa Bw=-B,———— | ,_ = i =
Y4 SI’kZ I A&)A AA
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( continuation of Appendix 1)
Formulas and diagrams of bending-torsional bimosant total torsional moments in single-span beams

Ne | Beam scheme and type pf Bending-torsional bimomentaw Total torsional moments Initial
loading diagram equation Maximum | diagram equation Maximum Para-
value value meters
A 0
z= mi =
9 5 R Bay,, Mg % I | =ml 1 6,=0
2k . =01~ 2 |g =0
=112 2 TR ’
z ©® | T |pp=M 2 L=-1 5 40
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sh—
2
r\r\r\r\r\mf\r\r\ m m 8 =0
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( continuation of Appendix 1)
Formulas and diagrams of bending-torsional bimomant total torsional moments in single-span beams

Ne | Beam scheme and type pf Bending-torsional bimoment8w Total torsional moments Initial
loading diagram equation Maximum | diagram equation Maximum para-
value value meters
m g =
m B =—|1- A
xx(\(?\(\xk a%l) kZ[ 6, =0
12 A | z=l/2 |Bw=ml? pm L=m(l-2 z=0 L=ml B
z W chk (= -2) B, =0
— 2
[ Kl B, =0
ch—
2
/ I B =M stkz g, -
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i M | stk ’ B, =0
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2k chH
2
I
-2stk (z——=
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( continuation of Appendix 1)

Ne | Beam scheme and type pf Bending-torsional bimoment8w Total torsional moments Initial
loading diagram equation Maximum diagram equation Maximum para-
value value meters
7 )
( A 6,=0
15 ! { A ﬂé shkz z=l | Bw=B L=0 ’
=-B BwA =0
shkl
Z | BwB = B
6, =
2 ( g =
16 ﬁ(fi ! D@V w= BsH<(I—z) z=0 | Bw=8B L=0 BB _ g
! shkl w4 — P4
I BwB =

Formulas and diagrams of bending-torsional bimosant total torsional moments in single-span beams

The formulas for the coefficients included in thexamum value ofBw andL can be found in Appendix 2, and the numerical eslof these

coefficients — in Appendix 3.
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Table of numerical values of functions

(Appendix 2)

ki r S t p a b c f e
0 0,3333| 0,1657 | 0,08333| 0,1250 1 1 0,5 0,5 0
0,1 0,3331| 0,1665 | 0,08325| 0,1248 0,996 0,9972| 0,4988| 0,4996 | 100,33
0,2 | 0,3324| 0,1659 | 0,08294| 0,1244 0,9803 0,9869| 0,4951| 0,4983 25,33
0,3 | 0,3314| 0,1649 | 0,08258| 0,1239 0,9566 0,971 | 0,4891| 0,4963 11,44
0,4 | 0,3298| 0,1636 | 0,08202| 0,1229 0,925 0,9499| 0,4812| 10,4934 6,579
0,5 0,3279| 0,162 | 0,08129| 0,1218 0,8868 0,9242| 0,4715| 04898 4,328
0,6 | 0,3256| 0,1599 | 0,08044| 0,1205 0,8435 0,8951| 0,4605| 0,4855 3,103
0,7 | 0,3229| 0,1576 | 0,07943| 0,1189 0,7967 0,8634| 0,4485| 0,4805 2,364
0,8 | 0,3199| 0,155 | 0,07825| 0,1172 0,7477 0,8301| 0,4358| 0,4749 1,882
0,9 | 0,3166| 0,1522 | 0,07709| 0,1153 0,6977 0,7959| 0,4228| 0,4688 1,551
1 0,313 | 0,1491 | 0,07577| 0,1132 0,648 0,7616| 0,4097| 10,4621 1,313
1,2 | 0,3052| 0,1424 | 0,07285| 0,1087 0,5522 0,6947| 0,3838| 0,4475 1
1,4| 0,2966| 0,1351 | 0,0697 | 0,1037 0,4649 0,6324| 0,3594| 10,4317 | 0,8071
1,6 | 0,2875| 0,1275 | 0,06639| 0,0985 0,388 0,576 | 0,337 0,415 0,6779
1,3 | 0,2781| 0,1198 | 0,06299| 0,0933 0,3218 0,526 | 0,3167| 0,3979 | 0,5868
2 0,2687| 0,1121 | 0,0596 | 0,088 0,2658 0,482 | 0,2985| 10,3808 | 0,5186
2,5| 0,2452| 0,0939 | 0,05142| 0,0753 0,1631 0,3946| 0,2607| 0,3393 | 0,4054
3,0 0,2239| 0,0778 | 0,04406| 0,0639 0,0993 0,3317| 0,2316| 0,3017 0,335
3,5| 0,2046| 0,0644 | 0,03772| 0,0541 0,0603 0,2852| 0,2085 0,269 0,2862
4 |0,1877| 0,0533 | 0,03237| 0,0459 0,0366 0,2498| 0,1896 0,241 0,2502
5 0,16 | 0,0373 | 0,02421| 0,0335 0,0135 0,2 | 0,1605| 10,1973 0,2
6 0,1389| 0,027 | 0,01856| 0,025 0,49610% | 0,1667| 0,139 0,1658 | 0,1667
7 0,1225| 0,0201 | 0,01459| 0,0192 | 0,182102% | 0,1429| 0,1225| 0,1426 | 0,1428
8 0,1094| 0,0155 | 0,01172| 0,0151 | 0,67110° | 0,1251| 0,1094| 0,1249 0,125
9 0,0988| 0,0123 | 0,0096 | 0,0121 | 0,24710% | 0,1111| 0,0988| 0,1111 | 0,1111
10 | 0,09 0,01 0,008 | 0,00987| 0,90810* 0,1 0,09 0,1 0,1
11 | 0,0826| 0,00826| 0,00676| 0,0082 | 0,33410* | 0,0909| 0,0826| 0,0909 | 0,0909
12 | 0,0764| 0,00694| 0,00579| 0,00691| 0,12310* | 0,0833| 0,0764| 0,0833 | 0,0833
13 | 0,071 | 0,00592| 0,00501| 0,0059 | 0,45210° | 0,0769| 0,071 0,0769 | 0,0769
14 | 0,0663| 0,0051 | 0,00437| 0,00509| 0,16610° | 0,0714| 0,0663| 0,0714 | 0,0714
15 | 0,0622| 0,00445| 0,00385| 0,00444| 0,61210° | 0,0667| 0,0622| 0,0667 | 0,0667
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(continuation of Appendix 2)

ki d ] v w u o T € 7

0 0,5 0,04167| 0,3125| 0,25 0,375 | 0,3125| 0,6875 0,375 0,625

0,1 0,499 | 004165 | 0,3121| 0,2499 | 0,37-18 | 0,3125| 0,6874 | 0,37504 | 0,62496
0,2 | 0,4959/0,04162 | 0,3123 | 0,2496 | 0,3744 | 0,3128| 0,6872 | 0,37515| 0,624

0,3 | 0,4909| 0,04156 | 0,3115| 0,2492 | 0,3738 | 0,3131| 0,6869 | 0,37537 | 0.62463
0,4 | 0,4843| 0,04147 | 0,3107 | 0,2486 | 0,3728 | 0.3136| 0,6864 | 0,37566 | 0,62434
0,5 | 0,4762| 0,04136 | 0,3099 | 0,2479 | 0,3715 | 0,3142| 0,6858 0,376 0.624

0,6 0,467 | 0,04123 | 0,3085| 0,247 0,37 0,315 | 0,685 0,3765 0,6235
0,7 | 0,4569| 0,04108 | 0,3071| 0,246 | 0,3683 | 0,3159| 0,6841 0,377 0.623

0,8 | 0,4461| 0,0409 | 0,3056 | 0,2446 | 0,3663 | 0,3169| 0,6831 | 0,3775 0,6224
0,9 | 04351 0,0407 | 0,3038| 0,2435 | 0,364 | 0.318 | 0,682 0,3782 0,6217
1 0,4239| 0,04048 | 0,3018 | 0,242 | 0,3616 | 0,3192| 0,6808 | 0,3789 0,621

1,2 | 0,4017| 0,03998 | 0,2974| 0,2387 | 0,3560 | 0,3220| 0,678 0,3806 0,6194
1,4 | 0,3805| 0,0394 | 0,2924| 0,235 | 0,3497 | 0,3251| 0,6749 | 0,3824 | 0,6175
1,6 | 0,3607| 0,03875| 0,2869| 0,2309 | 0,3428 | 0,3286| 0,6714 | 0,3845 0,6155
1,3 | 0,3425| 0,03804 | 0,2809| 0,2265 | 0,3354 | 0,3323| 0,6677 | 0,3868 0,6133
2 0,3258| 0,03727 | 0,2747 | 0,2218 | 0,3275 | 0,3362| 0,6637 0,389 0,6109
2,5 | 0,2902| 0,03515| 0,2581 | 0,2095 | 0,3067 | 0,3466| 0,6533 | 0,3952 0,6047
3,0 | 0,2612| 0,03284 | 0,2411| 0,1968 | 0,2853 | 0,3573| 0,6426 | 0,4015 0,5984
3,5 | 0,2371| 0,03044 | 0,2244 | 0,1844 | 0,2644 | 0,3678| 0,6322 | 0,4078 0,5922
4 0,2166| 0,02803 | 0,2085| 0,1725 | 0,2445 | 0,3777| 0,6222 | 0,4137 0,5862
5 0,1837| 0,02347 | 0,1803 | 0,1513 | 0,2092 | 0,3954| 0,6046 | 0,4243 0,5756
6 0,1584| 0,01946 | 0,1569 | 0,1337 | 0,1801 | 0,4099| 0,5901 | 0,4331 0,5668
7 0,1385| 0,01609 | 0,1379| 0,1191 | 0,1566 | 0,4217| 0,5783 | 0,4404 | 0,5596
8 0,1227| 0,01333 | 0,1224 | 0,1071 | 0,1376 | 0,4312| 0,5688 | 0,4464 | 0,5536
9 0,1099| 0,01111 | 0,1097 | 0,0972 | 0,1222 | 0,4389| 0,5611 | 0,4513 0,5486
10 0,0993| 0,00933 | 0,0993| 0,0889 | 0,1096 | 0,4452| 0,5548 | 0,4555 0,5444
11 0,0905| 0,00789 | 0,0905| 0,0818 | 0,0992 | 0,4504| 0,5496 | 0,4591 0,5409
12 0,0831| 0,00674 | 0,0831| 0,0758 | 0,0905 | 0,4548| 0,5452 | 0,4621 0,5379
13 0,0768| 0,0058 | 0,0768 | 0,0705 | 0,0831 | 0,4584| 0,5415 | 0,4647 0,5352
14 0,0714| 0,00504 | 0,0714 | 0,0659 | 0,0768 | 0,4616| 0,5384 0,467 0,533

15 0,0666| 0,00441| 0,0666 | 0,0619 | 0,0713 | 0,4643| 0,5357 0,469 0,5309
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(continuation of Appendix 2)

Kl u y a S A p v g n

0 4 2 6 3 12 3 0 0,08333| 0,25

0,1 | 4,0016 | 1,9997 | 6,002 | 3,003 12,01 3,012 | 0,00997| 0,08332| 0,2499
0,2 4,0064 | 1,9978 | 6,004 3,01 12,06 3,049 | 0,03948| 0,08328| 0,2496
0,3 | 4,0128 | 1,9971| 6,01 3,018 12,11 3,108 | 0.C8741| 0,08321| 0,2495
04 | 4,0225| 1,9955| 6,018 | 3,032 12,19 | 3,192 | 0,152 | 0,08312| 0,2492
0,5 | 4,0339 | 1,9918 | 6,026 3,05 12,3 3,3 0,2311 | 0,083 | 0,2487
0,6 | 4.0482| 1,9881| 6,036 | 3,071 12,43 | 3,431 | 0,3222 | 0,08284| 0,2482
0,7 4,0657 | 1,9841| 6,05 3,097 12,59 3.587 | 0,4231 | 0,08266| 0,2475
0,8 4,0886 | 1,9811| 6,07 3,126 12,78 3,766 | 0,5312 | 0,08246| 0,2467
0,9 4,107 | 1,9737 | 6,081 | 3,158 12,97 3,968 | 0,6447 | 0,08223| 0,2459
1 4,132 | 1,9676| 6,099 | 3,195 13,2 4,195 | 0,7616 | 0,08198| 0,2449
1,2 4,189 1,954 6,143 3,277 13,73 4,717 1 0,0814 | 0,2428
1.4 4,255 | 1,9384| 6,193 | 3,372 14,35 | 5,332 | 1,239 | 0.08073| 0,2403
1,6 4,331 | 1,9209| 6,252 | 3,478 15,06 6,038 | 1,475 | 0,07999| 0,2375
1.8 4,415 | 1,9019 | 6,317 | 3,596 15,87 | 6,835 | 1,704 | 0,07915| 0,2344
2 4508 | 1,8815| 6,389 | 3,722 16,87 7,722 | 1,928 | 0,07825| 0,2311
2,5 4,773 | 1,8258| 6,599 | 4,078 19,45 10,33 | 2,467 | 0,07577| 0,2218
3 5,081 | 1,7664 | 6,847 | 4,466 22,7 13,47 | 2,985 | 0,07303| 0,2117
3,5 5,424 | 1,7062| 7,131 4,888 26,51 17,14 3,494 | 0,07012| 0,2011
4 5,797 | 1,6475| 7,444 | 5,328 | 30,89 21,33 | 3,997 | 0,06717| 0,1904
5 6,609 | 1,5406 | 8,149 | 6,245 41,31 31,25 5 0.06136| 0,1697
6 7,481 | 1,4517 | 8,933 7,2 53,88 43,19 6 0,05597| 0,1509
7 8,394 | 1,3811| 9,775 | 8,163 68,54 57,13 7 0,05115| 0,1345
8 9,337 | 1,3259 | 10,66 | 9,141 85,32 73,07 8 0,04692| 0,1205
9 10,29 | 1,2827 | 11,57 | 10,12 | 104,13 | 91,13 9 0,04322| 0,1087
10 11,25 | 1,2488 | 12,5 11,11 125 1111 10 0,04001| 0,0987
11 12,22 | 1,2217 | 13,44 12,1 147,89 | 133,1 11 0,0379 | 0,0902
12 13,2 1,1998 | 14,4 13,09 172,8 | 157,1 12 0,03475| 0,0829
13 14,18 | 1,1817 | 15,36 | 14,08, | 199,72 | 183,1 13 0,03254| 0,0767
14 15,17 | 1,1666 | 16,33 | 15,08 | 228,68 | 211,2 14 0,03061| 0,0713
15 16,16 | 1,1538 | 17,31 | 16,07 | 259,61 241 15 0,02889| 0,0666
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(continuation of Appendix 2)

h

0 q ) A ¢ v n n
0 |(0,66667 O o0 o o 0,6667|0,3333/1,250Q 0,75
0,1 0,6667(0,00124 99,83 100 50,04 0,6668| 0,3332/1,2499 0.75
0,2 | 0,6668(0,00491 24,83 25 12,54 0,6671| 0,3329/1,24990,7501
0,3 0,6669| 0,0108 10,94 11,11 5,597 0,6677|0,3323/1,2498 00,7502
0,4 | 0,6671| 0,0187 6,086 6,250 3,166 0,6684| 0,3316/1,24960,7503
0,5 0,6674| 0,0281 3,838 4 2,041 0,6694/| 0,3306(1,24940,7505
0,6 | 0,6677| 0,0388 2,618 2,778 1,429 0,6706| 0,32941,24940,7507
0,7 | 0,668 | 0,0503 1,883 2,041 1,06 0,672 | 0,328 |1,249| 0,751
0,8 | 0,6684| 0,0622 1,407 1,562 0,8202 0,6736|0,3264{1,24860,7514
0,9 | 0,6689| 0,0743 1,082 1,234 0,6558 0,6754|0,3246(1,24830,7516
1 0,6694| 0,0862| 0,8509 1 0,5379 0,6774|0,3226|1,21750,7524
1,2 | 0,6706| 0,1087| 0,5521 0,6944 0,3838 0,6819|0,3181{1,2468 00,7532
1,4| 0,672 |0,1286| 0,3754 0,5104 0,2901 0,687 | 0,313|1,2459 0,754
16| 0,674 | 0,1453| 0,2629 0,3904 0,2285 0,6927|0,3073|1,24480,7551
1.8 | 0,675 | 0,159 0,1889 0,3087 0,1858 0,6989|0,3011{1,24350,7565
2 0,677 | 0,1696| 0,1378 0,25 0,1548 0,7055| 0.245| 1,242| 0,758
2,5| 0,683 |0,1857| 0,06611 0,16 0,1057 0,7233|0,2767| 1,238|0,7621
3 0,69 | 0,1907| 0,03327 0,1111 0,07759 | 0,742 | 0,258 | 1,233| 0,767
3,5 0,697 | 0,189 | 0,01727 0,08163 0,05967 | 0,7607|0,2393| 1,228|0,7724
4 0,705 | 0,1834| 0,916110 0,0625 0,04744 | 0,7787|0,2213 1,222{0,7782
5 0,723 | 0,1674|0,269510°? 0,04 0,0321 0,8109|0,1891 1,21 |0,7904
6 0,742 | 0,1501|0,8262103| 0,02783 0,02317 | 0,8375|0,1625 1,197|0,8032
7 0,761 | 0,1342|0,2605103| 0,02041 0,0175 0,8587|0,1413| 1,184|0,8156
8 0,779 | 0,1204|0,838510“%| 0,01562 0,01367 | 0,8756|0,1244| 1,173|0,8275
9 0,795 | 0,1086|0,274210%| 0,01234 0,01098 | 0,8891|0,1109 1,162|0,8385
10 | 0,811 | 0,0987|0,908010° 0,01 0,900010°2 | 0,9001|0,0999 1,151|0,8487
11 | 0,825 | 0,0902|0,303710°|0,8264102|0,750810°2| 0,9091|0,0909| 1,142|0,8579
12 | 0,838 | 0,0829|0,102410°|0,6944102|0,6364102|0,9167|0,0833| 1,134|0,8663
13 | 0,849 | 0,0767|0,347710°%/0,591710°2|0,546010°2| 0,9231|0,0769| 1,126| 0,874
14 | 0,859 | 0,0713|0,118710°/0,509910°2|0,4734102| 0,9286|0,0714{ 1,119|0,8809
15 | 0,868 |0,0666|0,4078107|0,4446102|0,414810%| 0,9333|0,0667| 1,113|0,8871
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(Appendix 3)
Table of function formulas and some relationshipsveen them
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( continuation of Appendix 3)

w= kishkl — 2ckkl + Z _ K3Ichkl
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Qchkl—sfkl shkl - Zshﬁ
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kI (klchkl — stkl ) kl(chkl — 1)
1
/12; E+n=1 r+s=f
1 -
’BZF o+r=1 ury=a
1 _ —
v== E+yY =1 g+f=e
e
1 _ _
== X+¢=2 q+s=¢
w
q=ae 20+u=1 sb+ t= fc
¢ =be 2r-u=1 as+r=c
A=ce 2t+w=1 ar +s= bf
a=Af 2)-w=1 gatb=¢e
U=Ar b(u-af)=1 re+qs=A
y=1As f(u-y)=1 au+y=ab
B=pb a(r-s)=1 bf +c=Db
s=yt p(A-2a)=1 f(a+l)=Db
t=po p(p-P) =1 b(r +qf) =A
p=1fn f(a-2y)=1 b@f-y)=a
u=pp0 fa(-n)=1 f(r-s)=t
s= fn b+vr=1 b(r—f?)=t
r=f¢& a+vf=1 t(a-2y)=2g
f =ta ac-yb=1 2(s+g)=f
h=yp ur—ys=1 2(r-g)=f
t =2gf a’+vb=1 p(fe-9=a
LUS= YT 2ag=1 d-v=0f-V
Abrp=1
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(Appendix 4)

DBN V.2.6-198:2014
AppendixI” Tablel".2*
Characteristic and design resistances in tensampoeession, and bending for plate, wide-flange

universal and shaped rolled steel sections acaptdithe steel strength classes

Design resistance?, MPa, of rolled steel
Thickness of Sheet, Shaped steel
Steel . .
rolled steef, mm | wide-flange universal
Ry Ru Ry Ru
S235 From 2 to 20 230 350 230 350
From 20 to 40 220 350 220 350
From 40 to 100 210 350 - -
Over 100 190 350 - -
5245 From 2 to 20 240 360 240 360
From 20 to 30 - - 230 360
S255 From 2 to 3,9 250 370 - -
From 4 to 10 240 360 250 370
From 10 to 20 240 360 240 360
From 20 to 40 230 360 230 360
S275 From 2 to 10 270 370 270 380
From 10 to 20 260 360 270 370
S285 From 2 to 3,9 280 360 - -
From 4 to 10 270 380 280 390
From 10 to 20 260 380 270 380
S345 From 2 to 10 335 480 335 480
From 10 to 20 315 460 315 460
From 20 to 40 300 450 300 450
S345K From 4 to 10 335 460 335 460
S375 From 2 to 10 365 500 365 500
From 10 to 20 345 480 345 480
From 20 to 40 325 470 325 470
S390 From 4 to 50 380 530 - -
S390K From 4 to 30 380 530 - -
S440 From 4 to 30 430 575 - -
From 30 to 50 400 555 - -

Y The flange thickness is taken as the thicknesiseofolled steel section.
2) The design resistances are obtained by dividirg diaracteristic resistances by the material
partial safety factoym, rounded to the nearest 5 N/rrfor steel strength grades S235-S500; S620,
ym=1,025 is used; for grade S590; S599k1,1 is used.
Note 1. The design resistances for specific steel grasésdlin Tablel'.5 must be taken with
consideration of the material partial safety fagtqrwhich is determined according to Table 7.2.
Note 2. The design resistané®. of the webs of hot-rolled I-beams and channels beincreased
by up to 10% compared 1.
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(Appendix 5
DBN V.2.6-198:2014
Table 5.1

Coefficient of working conditions

Coefficient of

Structural elements working conditions
) 24
1. Solidweb beams and compressed elements of roof trussededl unde 0,9

auditoriums of theaters, clubs, cinemas, standsyvelstore premises, bg
depositories and archives, etc., under temporaagidonot exceeding the self-
weight of the floor structure

2. Columns of public buildings and supports of wabevers 0,95
3. Columns of single-story industrial buildings kviiverhead cranes 1,05
4. Compressed main members (excluding support alesnef built-up Tsection 0,80

made of two angles in welded roof and floor trusselsen checking bucklir
resistance of such members with slenderihes60

5. Tension members, ties, hangers, and suspenders edh@rlating strength 0,9
sections without reductions (openings or cutouts)

6. Sections of structural elements made from stedi witield strength of up
440 MPa, subjected to static loads, when calcuyasitiength in crossection
weakened by bolt holes (excluding friction-type gections):

- solid-web beams and columns 1,10
- truss members in roof and floor structures 1,05
7. Compressed members of lattices in space trusssde from equdkg angle 1,1

according to Figure 13.3, which are connected ® ¢hord by oneelg (for
unequal-leg angles — by the longer leg):

a) connected directly to the chord using welded seant&o bolts with a tigh
fit along the length of the angle:

- diagonals (Figure 13.3, a) 0,90

- struts (Figure 13.3, b, v, e) 0,90

diagonals as shown in Fig. 9%, ¢, d, e 0,80

b) connected directly to the chord using a single lbolivia a gusset plai 0,75
regardless of the connection type

8. Elements of planar trusses made from single angtespressed members m 0,75

from single angles attached by one leg (for unetpgalangles -by the shorte
leg), except for the elements listed in item 7hig table:

9. Bearing plates made of steel with a yield strengihto 390 MPa, subjected
static loads, with a thickness of, mm:

a) up to and including 40 1,20
b) over 40 up to and including 60 1,15
c¢) over 60 up to and including 80 1,10

Note 1. If the working condition factoy: < 1,0, it should not be considered together witten
safety factors, except as specified in Notes 23and

Note 2. When calculating the strength of a cross-sectieak@ned by bolt holes, the factor specified
in items 6.1, 6.2, and 6.5 of this table must besatered jointly.

Note 3. When designing bearing plates, the factor spetifieitems 9.1, 9.2, and 9.3 of this table
must be considered jointly.

Note 4. When designing connections, the fagwfor the elements listed in items 1 and 2 should be
considered together with the connection workingditoon factor y.

Note 5. In cases not regulated by these Norpashould be taken as 1.0 in design formulas.
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Coefficientsc(cy), ¢y

(Appendix 6)

Cross-
section Cross-section diagram A TA, c(Cx) Cy
type
y f )" ¢ 0,25 1,19
0,5 1,12
1 = | EN 10 107 1,47
) A y A 20 1,04
y Al 0,25 1,19 1,07
0,5 1,12 1,12
2 - 1.0 1.07 1,19
v Af 20 1,04 1,26
YTV Y 0,5 1,07
3 4_4% ) . 1,0 1,6 1,12
g A D5A 2,0 1,19
y y
‘y Al 0,25 1,04
0,5 1,07
4 | | [st 1.0 147 112
, 05A 2.0 1,19
y
5 @} - 1,26 1,25
y
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(Appendix 7)
Assortment of rolled metal products

Hot-rolled |-beamswith an incline of the internal flange edges according to GOST 8239-89

h b S t rl r2 A P X Wx ix S Jy Wy iy Jd, &, k
Ne|mm|[mm|mm| mm| mm| mm|fcm”2| kg/m|[ cm™ | cm”3| mm | cm*3| cm™ | cm™3| mm | cm™4 cm”6 cmh2 cmh4 1l/cm
10]100| 55 | 45| 7.2 7 25 12 94p 198 39{7 4p.623 17.9| 6.49( 12.2 1.98 376.74 12.58 29.99 0.014p8
12120 64 | 48| 73| 75 3| 147 11p 350 584 4B83.7 | 27.9| 8.72] 13.8 2.52 873.13 1774 49.10 0.010p9
14(140] 73 | 49| 75 8 3| 174 13y 57? 81]7 5y.86.8| 41.9| 11.5 155 3.15 1823.87 23.84 76.44  0.008[19
16|1160| 81| 5| 78| 85 3.5 202 15P 8738 109 6p.B2.3| 58.6| 14.5 17 3.93 3384.04 30.43 111j21 0.00672
181180 90 | 5.1 8.1 9 35 234 184 129 143 74814 | 82.6| 18.4 18.8 4.89 6109.17 38.2Q 159.94 0.00557

=

0
201 200(100| 5.2 8.4 95| 4] 26.9 21 184D 18
D

B

82.804 | 115]| 23.1) 20.f 6.04 10660.65( 47.31 225.34 0.00469
Y
1

221220 110| 54| 8.7| 10 4|1 30.9 24 255 23 91.3131 | 157 | 28.6| 22.fY 7.44 17740.05| 57.39 309.10 0.00404
241240 115 56| 95| 109 4 | 348 27.3] 3460 289 99(7163 | 198 | 34.5 23.f 9.79 26617.89| 65.49 406.45 0.00378
271270125 6 | 9.8 11| 45 4074 31.% 501p 371 12 210 260 41.54[232.07| 44515.05( 80.39 553.73 0.00324
30| 300| 135( 6.5 | 10.2[ 12 5| 46.5] 36. 7080 472 143 248 337 499 261%.33| 71893.76| 96.73 743.22 0.00488
33|330|140| 7 | 11.2] 13 5 | 538 4222 984Q 597 135 339 419 59.9 272.89| 108025.00 110.42978.29| 0.00274
36|360]| 145 7.5 ] 12.3] 14 6 | 619 48. 1338D 743 | 147| 423| 516 71.1 28|928.28 | 157929.1§ 124.§01265.48| 0.00264
40| 400 155| 8.3 13| 15 6| 72 57[ 19062953 | 162| 545 667 86.1 30{337.21| 252972.01] 148.941703.07| 0.00239
451450 160| 9 | 14.2 16 7 | 84.71 66.9 2769p1231| 181 7v08| 808 101 30]950.33 | 388705.1§ 172.802249.46( 0.00224
50| 500| 170| 10 | 15.2 17 7 100 | 78.5 39721589 199| 919| 1043 123 32/368.09 | 620479.24 204.323036.82| 0.00206
55| 550|180 11 | 16.5] 18 7

B
118 92.6] 5596P2035| 218] 1181 1356 151 33.993.55| 974654.86 238.144092.76| 0.00193
60| 600| 190| 12 | 17.8] 20 8 138 108| 7680p2560| 236| 1491 172% 182 35427.21) 1476606.85 274.39] 5381.49| 0.00183

Notes: 1. The section axis x of this range corradpdo the axis y of the GOST 8239-89 range. Thmeaxis y of this range corresponds to the
axis z of the GOST 8239-89 range.
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|-beam of the additional series (JI) according to GOST 26020-83

h b S t| | A P| x| Wk & ix Y | Wy | iy Jd o Orvex Wo k

No mm| mm| mm mm mm sk | SM4| s3] sm3 mm snM s83 mm sy sm6 g2 s 1/sm
24Mpl | 2390| 1150 5% 98 150 3H5 278 278 3HHMBS 91666 P9 2368 412 10796 312007 66039 59472 001159
270061 | 2690| 1250 60 95 150 407 319 319 50688 372127 1116 3105 497 12620 522184 8109439264 000969
(06l | 3600| 1450 72 123 180 626 491 491 1330mB4| 4341 1484 6276 866 30336 1894731 1260803263 000789
3{BL | 3A90| 1270 58 85 150 428 3B6 I36 854004 A82794| 14183 2015 459 10624 843740 1081453 000699
A1 | 390| 1300 62 90 150 506 307 P7 130526 3745 1606 4044 582 13369 153446 1355282962 000581
9161 | 4500] 1520 74 110 150 671 526 526 2139@92| 5568 1804 6462 830 24165 3107858 0663362.701 000550
4912 | 4500| 1800 76 133 180 828 650 650 28340800 720 1870 13000 1440 43565 617307.6.514963141.275 000524
3QMIIL| 3006/ 2019 94 160 180 926 727 727 15090000 5630 1280 22000 2180 75385 4449062 .652433097.114 000811
4QMI1 | 3976 3020 115 187 220 1590 1240 1240 086323300 12900 1710 85900 5690 177275 30B30P86070 10777140 000473
5QMIIL| 4962 3038 142 210 260 1980 1550 1550 0860B470Q 19500 2080 98300 6470 283491 H5364360914 15367.6$9 0.00446

Notes: 1. The section axis x of this range corredpdo the axis y of the GOST 26020-83 range. Eo@ axis y of this range corresponds to the
axis z of the GOST 26020-83 range.
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Wide-flange | -beam (1lI) according to GOST 26020-83

No h b S t r1 A Pl x| Wk | | K Yy | Wy | Iy Jd i) omax Wo Kk
mm| mm| mm mm mm s2 ky sr¥d| s3] sm3 mm smM¥ s3 mm g4 sn6 a2 sm4 1sm

01| 193 150 6 9 13 BB N6 36 2060 RS (153 |8BO7 | 676 11039 42801 69000 621726 001000
23m| 26| 15| 65 10 14 4608 3p2 3H2 4260 (377 |2A@R (962 | 802 15640 724855 83700 866015 000917
24111 | 251 | 180 7 100 16 ™S437 427 47 625 4% |26 |1674 | 1082 19651 1413252 108450 1303137 000735
2412 25| 180 75 12 1§ 6273 492 492 7429 583 |3288|1Q163| 1208 30214 1723901 109350 1576498 0820
Aqm| 21, 200, 8 11 18 6831 536 536 10400 (715 |3084 12370 147 30304 28787194 140000 2056281 0063
A2 25| 200, 85 13 18 77665 61 61 12200 @27 (462 (1AH37| 1737 44479  3AS0452 141000 2447129 ®0070
A3 29| 200 9 15 18 87/ 633 683 14040 PO 526 |12D4 |22004 63153 4037510 142000 2843317 000719
A | BB 250 95 125 20 BG7 71 7HB1 19790 (1171 | G838 360 261 A7 8631259 203438 4242708 0049B
A2 31| 250 10| 214 20 10474 82 &2 220/0 (126 | 712b2| 3650 202 71150 9755680 204375 4773407 (05300
HIB| #A5| 250 105 16 20 1163 913 913 23140 (1458 | 8K | 4170 334 98007 11285184 205625 548823 (058DO
4q1| 388 300, 95 14 22 1224 %1 PB1 H3B0 [1771 |9866| 6306 420 83185 2046510 280500 7859718 (0383
4a12| 392 300 113 16 2 1416 1111 111 39700 20086 | 11675 7209 481 123719 25466876 282000 ®@0308 000434
4q113| 6| 00| 125 18§ 2 1542 1234 1234 44740 (2280 | 1687 8111 541 168287 28955031 283500 4AR13 000475
5aImi| 484| 300, 11| 15 2§ 1457 1144 1144 60930 (518 |15 6762 451 119523 37166098 3HL7/50 1066625 000353
al2| 489 300, 143 175 26 1766 1387 1387 72530 |26/6| 2026 7900 526 198707 43830871 353625430 000420
SQI3| 495| 30| 155 205 26 1992 1564 1564 SM200 |3@23| 2056 9250 617 284001 51993069 3IHS/5OLED 000461
514 | 501 300 165 235 26 217 1741 1741 9150 |RBR3| 2082 10600 707 39434 60362872 3HBI2H2.IKH 000504
6aIl| 580 30| 12| 17, 28 1811 1421 1421 107300 (37088 | 2435 9302 581 181411 73665392 450400 MEBS55 000309
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eal2| S87| 320 16 5 28 2253 169 1769 131800 42904 2419 11230 702 325439 80948578 4532007484  0003/5
6dI3| 595 | 320 18| 24% 28 2618 2062 2052 156900 (5297 | 2448 13420 83D 508018 109014471 45640857288 0.00425
edli4| 603, 320 20 D 28 20834 232 2342 182500 |6BEEb| 2473 15620 976 75236 128591157 450687820 000477
A 68| 320 133 19 30 2164 1699 1699 172000 (PBE3| 2819 10400 650 263187 114555300 S31.20@5.33% 000299
MAaiz| 61| 3200 15| 23] 3 HBL7 1976 1976 206500 5480 | 3BEF 12500 78] 414701 140827294 534400 PS8 000339
A3 /00 3200 18| 275 30 298 2354 2354 247100 |89/ 2872 1500 942 683205 170050099 53800078 0.008%
Mam| /08| 320 203 31b 30 Al 2081 2681 2844008 |83308| 2885 17240 109 999021 197109005 S4138%P0./33 000444
Aas| 718 3200 23] BH A0 3897 3B9 IB9 330600 2013 2000 1251 1488787 231773768 HO2ZX12613 00049

Notes: 1. The section axis x of this range corredpdo the axis y of the GOST 26020-83 range. Eoa axis y of this range corresponds to the
axis z of the GOST 26020-83 range.

58



U)max/ ] il

Wmax

o X i S x
|
-5
: Normal I-beam b according to GOST 26020-83
h| bl s| t|] n|] A Pl x| W | | kK | & | W | iy Jd o e Wo k
N [mm|mm mm mm mm s®? kgl sm4| s3] smB mm sPd snS mm s S10419) g2 s 1lam
11| 100 55| 41 571 7 103 84 1 A2 197 K079 1558 | 124 1178 3528 12986 27206 003601
161 | 1176 &4 38§ 51 1 1U@W g7 297 488 P49 14824 |12 7 | 142 1012 7068 18.0dD 39269 002353
2| 120 64 44 63 7 1321 104 318 9 R4 (49 pr76 (845 1718 8918 18192 49019 002736
141 | 1374 73] 38 56 4 1339 105 4\45 B3 B8 |574|3%610 [ 165 1358 15793 24004 65643 0018p7
12| 140 73] 470 69 7 1643 139 A1 W3 442 |5749 44123 | 16 2438 19845 24201 81699 002134
61| 157 & 4| 59 9 1618 127 6P 8[8 495 B3 P33 | 183 1962 31022 096 100149 001567
182 | 160| 8| 5[ 74 9 2000 1898 8P 1087 619 |6683 68166 | 184 359 39683 31283 126850 001877
11| 177 91 43 63 9 19598 134 1063 1201 pr7 |73H9 18 | 204 2711 59432 33B7B 153220 001331
12| 18| 91 53 8| 9 23% 188 1317 1463 832 |74108 10 22 5 4803 74438 0130 19024 001583
21| 200 100 5 8% 12 28349 224 13 143 103D |82423| 285 2B 702§ 13027p 47875 2720122 14400
21| 230 110 5 9 12 R91 2288 206 2405 1472 |993| 3B4| 24y 8552 2430y 607/ 40187 66011
261 | 258 120 58 8% 12 B2 B 404 32 1766 NBB6| 409 268 8392 3381668 74850 509910 00092
22| 261 120 6| 10 12 07 312 464 {66 015 [1@B| 481 27 1203 44334 75300 603B65 001014
3Bl| 26| 140 58 8% 1 AP P9 638 427 40 (2290 | 557 % 10811 805156  100p25  800f155 D00y2
2| 29| 140 6| 1 15 4647 306 7203 4878 2738 (15864 65| 313 151N B6369 1011150 HM5P0  8RO0Y
3Bl | HA6| 155 624 8% 18 49593 3B9 10060 5817 [4B5(15206( 683 327 1442 1507195 130781 F8524 000610
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B2 | 49| 155 65 10 18 5517 433 10 6922 |3737 1429 804| 33Bp 19710 1788265 131363  1361.32D00654
ABL | 32| 1659 7] 93 21 61H 481 15050 886 |456 |16039| 867| AP 23318 20612994 157781 1654061 00589
4B2 | 3%| 165 79 1pb 21 6942 5S4/ 1830 957 pAB| 85| 1043 3Hp B4 3194363 158606  201#102D.00639
451 | 443| 180 7§ 11 21 7643 S8 24940 11258 [638EO|110734 1193 345 34101 004281 194400 1254 000514
4852 | 47| 180 84 13 21 896 65 28&70 19919 [73832|1 1269 141| 384 48516 9967019 199300 305p.309.00562
bl | 42| 200 83 14 21 RPB B 37160 1p11  $04 |198806 | 1606[ 416 47040 9237398 240000 3848916 .0044%
B2 | 4% 200 924 14 21 1028 807 42890 109 P02 |A8/3| 1873 42y 64490 10864172 241000  450y.9580).00480
Sl | HA3( 20 99 13b 24 11337 §9 55680 51 [11656 (2404 | 2186 46l 72449 16835219 201225  5¥8D.82000409
S | A7 20 100 15p 24 1245 9F9 620 2% [13023|22/60( 2509 41 97028 1947103 294325 666D./6000440
6bl | 593 230 10% 156 24 136 1062 787/60 2656 |184P3| 3154| 2743 483 104885 26261193 330688509 000394
62 | 597 230 1| 17p 24 1443 1156 87640 24936 1668924561 3004 49 137306 20850569 338213 4H358. 000423
7Bl | 691 260 121 15p 24 1647 1493 129930 3645 |20865|24556| 3504 526 131519 5187915 43D075 SABL 000314
/B2 | 697 260 12% 185 24 1836 1442 141912 4187 |2Z28B9| SA37| 4183 44 187880 62458376 4410236244 000342
8bl| 791 280 13% 1f 2 2032 1395 199500 5044 |29033|36244| 446( 5S54 195392 93310012 541800 22pP2. 000285
82| 798| 280 14 20p 2 266 1479 233200 5820 |33A31|37527| 5374 576 280830 11351330 54425066888 000310
9Bl 00 15 18p 3D 24741 194 304400 6817 (39649 [3WBGS| 55769 58P 200982 159508225 65H8/S PMB]9 000266
OB | 90| 300 15% 29 3D 2724 2138 349200 {760 |4488 | PA3| 6628 604 400486 191151797 658500 3PS 000285
101 90| 320 16] 21 3) 29382 2306 446000 9011 [S2H6|3R15200 7199 626 407011 269668178 7720086847 000242
1062] 998 320 171 23 3) 3289 2982 516400 10350 |59882|393710] 8569 646 587644 323630099 77840076304 000266
103] 1006) 320 1§ 29 3D 34 287 584/00 11680 [67368 [4QH900[ 9939 661 825063 37845550 78IL600 OZERY 000291
1004| 1013] 320 195 325 3P 4006 3145 65p400 120400 | 4045 17830 11143 667 1111486 427157689400/845445661% 000318

Notes: 1. The section axis x of this range corredpdo the axis y of the GOST 26020-83 range. Ea@ axis y of this range corresponds to the
axis z of the GOST 26020-83 range.
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Column |-beam (K) according to GOST 26020-83

h b S t rl A P xJ Wk X iX ¥ Wy Iy N d O W k

N[ mm | mm|[ mm| mm| mm sm? k| sm4 s3] sm3 Sy snf3 M sm4 sml6 qn2 splsm

AKL| 19500] 2000p) 65D 1000 1300 5282 4150 (B30GR00| 21600 80P 133400 13300 P3O 14856141377 | 9500 1233941 000f79
2AK2] 19800] 2000p) 70D 1150 1300 5970 4690 @42Q4700| 24700 861D 153400 15300 SP70  A/83BBL | B2BJ 1430468 000867
2X1| 22700] 2400p 70D 1050 1400 6651 220 @6§9(8000| 31800 995D 242100 2400 6p30 24712836835 | 12090) 21830941  000H32
2X2 | 23000 2400) 80D 1200 1400 7377 P50 CTE)LGELO0| 36600 20 276600 23100 @40 3(022860L2 | 13080D 512242 00053
2K1| 25500 2600D) 80D 1200 1600 8308 6520 (AOPO8WOM0| 44500 11140 3HBI7/P0 27100 610 4043191379 | 15799 P86743  000B50
282 | 258000 2600) 90D 1350 1400 9319 7B20 @M/PO0700| 50100 11210 396700 3400 620 5632012611 | 15892% 37203(8 000808
23| 26200 2600p) 1000 1550 1600 10590 §310 O(BH6 103600 5600 113P0 454400 3AD00 65036382 6899978| 160225 43064B1 000681
K1 | 296000 3000p 90D 1350 1400 10800 G480 (@BINOI22300 67200 120850 607900 40p00  1H00 2466212125234 2118 5722805 00461
3K2| 30000 3000) 1000 1550 1§00 170 9630 OCAYE 130500 7710D) 130H0 698000 46600 15404859%. 14119176 21335 6617071 000515
K3 | 304000 3000p 1190 1750 1§00 13872 10890I10(BY 157300 87400 1310 783100 500 1o407ALAR 16166041 21485 7523463 000575
31| 343000 3B00)p 1040 1500 2000 13P/0 1O7010CKlG 184300 101000 15040 1072000 61300 B78BISG| 28338725 28700 10048336 00376
32| 348000 3B00) 1140 1750 2000 16040 1PSOOVEN) 213200 117300 15210 1251000 71500 B8EBOO| 34159309 280188 11812166 00425
33| 3B300] 3H00) 1300 2000 2000 18410 IWAS07009 243600 135100 15280 1430p00 81700 B8286005( 30632503 29135 13301888 00p48l
4X1| 303000 40000 1140 1650 2200 17680 1BBO0OPEF 266400 14570 17260 1761000 8000 100EHD147| 62389462 37650 165/0R06 000315
4XK2 | 40000 40000 1300 20P0 2200 21096 1p56030WH 320700 176740 17440 2135D00 105700 010062037 7703424 380000 20272480 0d0370
AXK3| 40000 40000 1600 2450 2200 259780 2230300 391400 218000 1760 2615D00 13D700 0 JOGMOL38B| 96617183 38490 25128006 000443
AXK4 | 41900 40000 1900 2050 2200 3BE0 2422040@B3 469400 264200 17850 3150D00 15500 O JOKBE053| 119380814 339400 30649760 000521
AXK5| 431000 40000 2300 3HBBO 2200 3400 2Pp120569EA] 564200 321700 181j00 3791D00 18960010 J01438825 148124340 36500 37454432 000614

Notes: 1. The section axis x of this range corradpdo the axis y of the GOST 26020-83 range. Eloéan axis y of this range corresponds to the
axis z of the GOST 26020-83 range.
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S Ly
Xo
< X X
Ox
N———
M Bent equal-leg channel according to GOST 8278-83* for steels S235-S245
No h|b| s|rl Al & | W| x| | J |[Wy|iy|[xo| P Jd | ox| ol | @2 | Wol
mm mmmmmmsm’2 sn™| sn*3| mm| sn'3| smYMism 3mmmm kg | sm™| sm| s sm2| sn4
25x26x2| 29 26| 2| 3| 139 143| 114 101067 096/ 04 8310|109 0.013| 0.220.1307 0.996| 5.90 0.77 0.77 0.080(
25x30x2| 29 30| 2| 3| 155 164| 1.31 1080.76| 142 0.789.6/11.91.22| 0.013| 0.200.1011 1.029| 8.37 0.87 0.85 0.0764
28x27x2H 28| 27| 25| 4 | 1.81] 224| 16| 11.1095| 1.32] 04 8804142 0027| 0.260.1546 1.176| 9.22 1.68 143 0.085
30x25x3| 30 25| 3| 5205 273| 182 115 11 | 1.24| 0.817.8/9.6| 161 0.049| 0310.1892 1.227| 10.40 2.42 197 0.098
30x30x2| 3030 2| 3|16 25| 167| 128096| 153 089.6|11.2 1.3| 0.016] 0.2.2417 1486| 6.58 2.36 159 0.061¢
3225x3| 3325| 3| 5211 32| 2 | 123 123| 128 0.8P7.8[94|166| 0.053| 0.360.2638 1.404| 9.23 3.42 244 0.091
32x32x2| 32332 2| 3| 174 308| 192 131 11 | 1.88| 098103129139 0.017| 0310.2901 1.713| 7.14 3.55 2.07 0.056!
38x95x2.5 38| 95| 25| 3 | 548 1542 812| 16.§ 447 | 49.269.18| 30|41.3 4.3 | 0.039 0.18.072% 2.799| 105.1% 21.35 7.63 0.0447
40x20x2| 40 20( 2 | 3|14 34| 17| 153102| 035 04 626|114 0022| 0741135 2131| 2.59 6.25 293 0.0536
40x20x3| 40 20| 3| 5| 205 445| 223 14y 138| 0.75 0566 | 6.6 1.61] 0.069| 0.720.9349 1.907| 4.10 7.30 3.83 0.0836
40x30x2| 40 30| 2 | 3| 1.89 485| 242 162 14 | 1.72| 0.869.610.1 145/ 0.022| 0520.7394 2553| 5.63 10.62 4.16 0.045¢
40x30x2.5 40| 30| 25| 3 | 228 583 291 19 166 209 1)086(1031.79 0042| 0510699 2481| 7.13 12.37 499 0.056
40x40x2| 40 40| 2 | 3| 225 6.29| 315 16178 3.79 14913(1451.77| 0022| 0400527 2.779| 9.81 14.36 517 0.0401
40x40x2.5 40| 40| 25| 3 | 278 758 | 3.79] 165217| 463 18R2914.1218| 0.042| 03904927 2.702| 12.61 16.78 6.21 0.051
40x40x3| 40 40| 3 | 5| 3259 857 | 428 162251| 531 214128152255 0.069| 0.370.3597 2548| 21.10 19.34 7.59 0.059
2424 | 42 42) 4| 6| 4451234 588| 16.1 349| 7.8| 3.053.216.5349 0.165| 0.370.3088 2.631| 38.01 30.89 11.74 0.073
43x45x2| 43 45| 2 | 3| 251 825| 384 18/215| 538 1.884.61641.97| 0.023| 04205991 3.280| 11.95 23.47 7.16 0.035
45x25x3| 49 25| 3| 5| 25| 729 324 171199| 149 0.897.7/8.2|1.96 0.079| 0.751.1153 2.662| 6.55 19.43 7.30 0.0641
45x31x2| 49 31| 2| 3| 199 655| 291 181168| 197 0949.9(10.1156| 0.025| 0.641.0758 3.186| 5.91 20.26 6.36 0.038;
48x70x5| 48 70| 5| 7 | 849 326| 1358196 7.95| 41.2210.1% 22(294 6.67| 0.363| 0.280.1257 3.625| 242.11 110.34 3043 0.0681,
50x30x2| 50 30| 2| 3| 208 812 325 199188| 187 09 9®.2| 161 0.028| 0.8(01.5813 3.769| 5.65 33.70 894 0.034y
50x30x2.5 50| 30| 25| 3 | 253 9.82| 393 19 23 | 228| 1.1195]/94| 199 0.053| 0.791524| 3.683| 7.05 39.55 10.74, 0.043P
50x32x285 50| 32| 25| 3 | 263 10.38 4.15| 198 242| 2.72| 1.2510.210.22.07| 0.053| 0.751.428 3.785| 7.90 42.68 11.28 0.0428
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50x40x2| 50 40| 2 | 3| 2451042 4.17| 204 2.36| 4.13] 15513|1341.91| 0.028| 0.621.1778 4.193| 9.39 46.38 11.06 0.031P
S0x40x2.94 50| 40| 2.5 3 | 3.03 12.64 506| 204 29 | 505 1.9712.913.6 238 0.053| 0.611.1267 4103| 11.87 54.85 13.37 0.0393
S0x40x3| 50 40| 3 | 4| 3541455 582| 202 3.37| 588 226128139281 0.090| 0.601.0088 3.9/3| 15.66 62.77 15.80 0.0470
50x40x4 | 50 40| 4 | 6| 461 178] 7.12] 1974.23| 7.35 2801264148362 0.203| 0.580.7866 3.692| 25.94 75.32 2040 0.0622
50x47x6| 50 47| 6 | 9| 7.3| 26.6210.65 19.1] 654 | 1542551/145 19| 5.73| 0.626| 04203142 3295| 102.21 105.81 3212 0.0870

50x50x2.5 50| 50| 25| 3 | 353 1546 6.18| 209 349| 931 2906.218.12.77| 0.053| 0500.8743 4.369| 17.84 68.15 15.60 0.0364
50x50x3| 50 50| 3 | 4| 4.1417.87 7.15| 20.7 408| 10.893.44/16.1184 3.28| 0.090| 0.490.763] 4.236| 24.35 78.74 18.59 0.04#
S0x50x4| 50 50| 4 | 6| 54| 2204 8.82| 202 5.15| 13.724.44/15919.14.24) 0.203| 0460.558 3.946| 43.56 95.91 24.30 0.0570
60x26x2.9 60| 26| 2.5 4 | 256 1322 441 | 22.1 265| 161] 0.867.9|7.3| 2.01] 0.064| 1.263.0486 4522| 6.65 91.61 20.26 0.035[L
60x30x2.94 60| 30| 25| 3 | 278 1507 502| 233 297| 243 1.1493|8.7|2.19 0.065| 1.122.7492 4981| 7.79 106.66 2141 0.0343
60x30x3| 60 30| 3| 5323 17.1| 57| 229341| 28| 13893 9 | 255 0.109| 11125118 4.765| 9.72 116.33 2441 0.0417
60x32x2.94 60| 32| 25| 3 | 289 159| 53| 234311| 291 1.2D910]|95|2.26| 0.065| 1.062.589 5.148| 8.53 113.71 22.09 0.0338
60x32x3| 60 32| 3| 4| 34| 1831 6.1 | 234 362| 3.38 15210|9.7|267| 0.110| 1.0524347 4994| 10.47 127.31 2549 0.0410
60x32x4| 60 32| 4 | 6| 4342241 747 | 22.1 453 | 4.22| 1.9b9.8[10.3343| 0.251| 1.032.1326 4.67/1| 14.67 146.15 31.29 0.0558
60x40x2| 60 40| 2 | 3| 2691578 526| 244 3 | 449| 16 12925208 0.034| 0.882.1549 5.777| 9.70 120.80 20.91 0.0250
60x40x3| 60 40| 3 | 43842221 74 | 239 43 | 631 2.3812.1 13|3.04| 0.110| 0.871.9379 5520| 15.33 164.01 29.71 0.0379
60xo0x3| 60 50| 3 | 5| 4452685 895| 24.6 516| 116/ 3.5616.11/4 35| 0.109 0./11.435% 5.918| 24.70 209.88 35.46 0.0346
60x60x3| 60 60| 3 | 4] 5.08 31.97 10.66 25.1] 6.01| 19.265.03/19.521.13.99 0.110| 0.601.2259 6.275| 32.16 247.39 39.42 0.0329
60x60x4| 60 60| 4 | 6| 66| 40| 13.3324.6] 7.67| 24556.53/19.322.4 5.18| 0.251| 0.580.9661 5.944| 53.55 307.71 5171 0.0434
60x80x3| 60 80| 3 | 5| 6.29 41.49 13.83 25.8| 7.68| 42.02859/25931.14.91] 0.109| 0.460.7696 6.632| 61.61 314.44 4741 0.0299
60x90x5| 60 90| 5| 7 |11.0969.97 23.32 25.1] 13.34 90.9617.1828.437.1 8.71] 0.475| 0.370.3536 6.145| 222.07 482.57 78.53 0.0485

63x21x2.4 63| 21|22 3 | 214 1148 364 | 232 223| 08| 0516.1| 52| 1.68| 0.047| 1.624.3874 4.259| 5.64 105.38 24.74 0.02711
65X7ox4| 69 75| 4| 6| 8 | 522618.23 27.2) 10.33 46.8510.1224.128.1 6.28 0.275| 0.631.196]1 7.106| 60.64 515.43 72.53 0.0354
68x27x1| 68 27| 1| 2| 11§ 821| 241 264141| 082 04 846.5/0.93] 0.005| 1.534.774% 6.077| 3.43 99.67 16.40 0.0108
70x30x2| /30| 2| 3]|24591784 51| 27| 301 21 099379199 0.040| 1484.5049 6.448| 7.65 222.20 34.49 0.02111
70x40x3| 70 40| 3| 54193149 9 |275 531| 664 23126122326 0.129| 1.173.1414 7.130| 16.73 374.63 52.4 0.0309
70x50x3| 70 50| 3 | 5| 4.7938.23 10.92/ 284 6.27| 12.323.66(16.116.4 3.73| 0.129| 0.962.491]1 7.819| 24.36 474.60 60.70 0.0288
70x50x4| 70 50| 4| 6] 621 483 138 279805| 15.714.76/15.916.9 487] 0.299| 0.942.248% 7.510| 34.44 581.59 7744 0.03§7
70x60x4| 70 60| 4| 6| 7| 57.0216.29 285 9.37| 26.126.74/19.321.3 55| 0299 0.801.8074 7.985| 48.90 705.73 88.39 0.0362
78x4bx6| 789 46| 6 | 9| 8.8 77.08 19.76 29.5| 12.02 18.85 5.87|14.415. 6.96| 1.0/8| 1.2(02.95/3 8.004| 49.40 1169.28 146.09 0.0535
80x25x4| 80 25| 4 | 6| 4613707 9.27| 284 585| 229 1.2p7.1)65|3.61 0.347| 2.187.0146 5.886| 18.43 760.98 129.28 0.0343
80x32x4| 80 32| 4 | 6] 5164516 11.29 296 691 | 4.7| 20495 9 | 4059 0.347| 1.795.623] 7.369| 19.66 814.73 110.5% 0.0349
80x35x4| 80 35| 4 | 6| 5414863 1216 30| 7.3/ 6.0§ 2440.610.14.24| 0.347| 1.665168] 7.854| 21.21 861.13 109.64 0.0350
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80x40x2.5 80| 40| 25| 3 | 378 37.4| 935 314545| 598 20/2.611.2297 0088| 1.495.1598 9.148| 15.00 708.18 7741 0.02100
80x40x3| 80 40| 3 | 4| 44443511088 31.2| 639| 7 | 24%125144 351 0.150| 1.494.9506 8.946| 18.22 807.02 90.21 0.0255
80xo0x4| 80 50| 4 | 6| 6.6 6598 16.5| 31.6 965| 16.6] 44815 16| 518 0.347| 1.223.611]1 9514| 34.87 1197.84 12591 0.0327
80x60x3| 80 60| 3 | 4| 568 61.3| 1532329 8.7 | 21.465.31/19419.6 446 0.150| 1.063.352110.614 32.56 1158.56 109.16 0.023]1L
80x60x4| 80 60| 4 | 6| 74| 77.5419.38 32.3| 11.17] 27.53 6.92/19.120.2 5.81| 0.347| 1.042.960410.207 47.83 1445.36 141.6C 0.0308
80x60x6| 80 60| 6 | 9 |10.65105.0826.26| 31.4| 15.56 38.27| 9.91/18.921.4 8.37| 1.110| 0.992.3267 9.404| 85.33 1867.08 198.58 0.0446
80x80x3| 80 80| 3 | 4] 688 79.1| 19.7733.9 11.01 47.3| 911261284 54| 0150 0.82.473311.53] 52.20 1488.72 129.1C 0.0218
80x80x4| 80 80| 4| 6| 9 |100.6625.17 334| 14.21] 60.6911.91 26| 29| 7.07| 0.347| 0.802.107511.11 80.72 1891.14 170.13 0.0281L
80x85x4| 80 85| 4 | 6| 9411064%26.61 33.6| 14.97| 71.64{13.3%27.631.3 7.38| 0.347| 0.761.951911.282 90.32 1989.02 176.3( 0.0275
80x100x6{ 80({100 6 | 9 |15.46170.8842.72 33.2| 30.59158.4126.22 32|39.612.14 1.110| 0.611.048]110.8171 266.58| 3022.38 27940 0.0393
900x50x3.p90| 50| 35| 5 | 6.2| 78.1617.37 355/ 10.13 15.5| 44215.814.94.87| 0.268| 1.545.596 11.852 32.03 2124.34 179.24 0.0241L
90x54x5| 90 54| 5| 7] 8.99110.9924.66 35.1| 14.57 25.94 7.07| 17]|17.37.06| 0.755| 1.424.639711.651 53.18 2874.98 246.79 0.034b
90x100x2.590[100 2.5] 4 | 7.01]106.2723.62 38.9| 12.94 75.7]| 11.8829 36| 55| 0.099] 0.8i.986615.291 62.95 2874.58 188.0C 0.0148
100x40x2.5100 40| 25| 3 | 428 63.16 12.63 384 747 | 641 214124 10| 3.36| 0.112| 2.229.993[12.849 21.77 2795.69 21759 0.0141
100x40x31100 40| 3 | 5| 5053 73111462 38| 872 75| 25322103397 0190| 2.249.609612.472 26.54 3181.32 255.09 0.017p
100x50x31100 50| 3 | 4 | 5.68 87.88 15.57] 39.3] 10.24] 14.05 3.9 |15.¥Y13.94.47| 0.191| 1.8(8.05/914.31 30.60 3529.50 246.53 0.0178
100x50x41100 50| 4 | 6 | 74| 11144229 38.8| 13.15 18.01} 5.07|15.614.3 5.81| 0442| 1.8{7.538 13.802 41.62 4329.61 313.70 0.0234
100x50x5{100 50| 5 | 7| 9.09133.3926.68 38.3 15.93 21.72 6.2 | 15.514.9 7.14) 0.849| 1.8%7.159913.370 52.08 4985.26 372.86 0.029¢
100x50x6/ 100 50| 6 | 9 | 10.66151.84 30.37| 37.7| 18.39 25.03 7.26/15.315.3 8.37| 1433| 1.846.651812.830 63.41 5411.16 421.71 0.0368
100x60x3{100 60| 3 | 4| 6.28111.99 204 | 40.311.69 23.25 5.52/19.417.94.93) 0.191| 1.476.168916.270 43.27 4343.26 266.94 0.016f
100x60x4{100 60| 4 | 6| 8.2| 129.825.98 39.8) 15.0/] 29.93 7.2|19.1184 6.44| 0442| 1.606.327| 15.079 52.05 4964.29 329.3] 0.0228
100x80x31100 80| 3 | 4 | 7.48130.2826.05 41.7| 14.6| 51.039.49|26.126.2 587 0.191| 1.265.204%1/.268 55.68 5003.69 289.71 0.016p
100x80x4{100 80| 4 | 6| 98| 166.1833.35 41.2| 18.91] 66.07|12.4325.926.8 7.7 | 0442 1.25.709516.7/5 80.51 6360.62 379.17 0.0218
100x80x5(100 80| 5 | 7 |12.08201.1440.23 40.8| 23.06 80.47|15.2925.827.4 9.49| 0.849| 1.234.368216.33 105.45] 7525.04 460.64 0.02671
100x100x3100 100 3 | 5| 8.69157.81311.5642.7| 17.51] 93.1514.3132.§35.4 6.79| 0.190| 1.044.004918.305 81.95 6007.77 328.20 0.0150
100x100x$100 100 6 | 9 | 16.66284.5656.91) 41.3| 32.49173.3927.4932.436.913.08 1.433| 0.982.923 16.860 212.30] 10462.60 620.56 0.0299
100x160x4100 160 4 | 6 | 16.4314.3162.80 44 | 13.43436.2%45.2(51.963.612.72 0.442| 0.662.035319.587 262.54| 10466.05 534.34 0.0179
104x20x2(104 20| 2 | 3| 273 3564 6.85| 36.1 4.36| 0.73] 04p5.2| 3.7| 1.14) 0.060| 3.7818.269 6.666| 24.28 2957.11 443.64 0.0072
106x50x4{106 50| 4 | 6| 764 127.9 24.13 40.9) 14.28 18.38 5.12/155141 6 | 0471 2.080.054515.135 45.23 6198.30 409.53 0.0211
108x70x6 108 70| 6 | 9 |13.5/454845.46 45.6 26.69 66.5914.1522.422.910.63 1.562| 1.596.057417.291 110.08| 11529.78 666.79 0.0307
110x26x2.5110 26| 2.5 3 | 3.83 58.96 10.72139.2] 6.69| 1.93 0.987.1) 53| 3.01] 0.123| 3.5217.868 9.876| 30.58 5396.94 4647 0.0094
110x50x4{ 110 50| 4 | 6 | 7.8] 139.695.39 42.3 15.05 18.61| 5.15(15.413.8 6.13| 0490| 2.2210.15816.031] 48.08 7829.36 488.39 0.019y
110x50x5 110 50| 5 | 7 | 959167.5130.47 41.8| 18.27 22.47 6.29/15.314.3 7.53| 0.942| 2.219.737415.554 59.82 9060.44 582.53 0.025]1L
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110x100x4110 100 4 | 6 |11.81252.0545.83 46.2| 25.66125.8719.2332.734.6 9.27| 0490| 1.235.134521.287 117.95] 12891.12 605.59 0.0177%
120x25x41120 25| 4 | 6| 6.2 10442174 | 41| 1125257 | 1.31644 54| 4.87| 0.538| 4.2822.574 8566| 70.31 13597.15 158728  0.0115
120x50x3/120 50| 3 | 5| 6.25133.7122.29 46.3| 13.15 14.85 3.99/15412.§ 491| 0.230| 2.6013.70918.812 42.81 11040.01 586.85 0.012B
120x50x41120 50| 4 | 6 | 82| 171.428.62 45.7| 11.71] 19.15 5.21/15.313.3 6.44| 0.538| 2.6(013.24818.285 56.88 13778.89 753.55 0.0166
120x50x6(120 50| 6 | 9 |11.88236.4439.41] 44.6| 24.02 26.75 7.48| 15(14.29.31] 1.755| 25912.17817.087 84.73 17630.87 103184  0.0257
120x60x5 120 60| 5 | 7 |11.08239.6339.94] 46.7| 23.6| 38.73 9.1 |18.¥174 8.71] 1.035| 2.2410.82919.8171 80.23 17217.26 868.87 0.021p
120x60x6{ 120 60| 6 | 9 |13.02754745.91] 45.9) 2744 44.95 10.7)18.5 18|10.2% 1.755| 2.2310.21219.181] 97.62 19121.13 996.85 0.0262
120x70x5120 70| 5 | 7 | 12.0072.7145.45 47.5| 26.48 59.56(12.2%22.221.49.49| 1.035| 1.969.344621.37§ 94.73 18922.71 885.21 0.0213
120x80x41120 80| 4 | 6 | 10.6252.4942.08 48.8| 24.01) 70.6512.8425. 25| 8.32| 0.538| 1.7{8.619823.109 88.35| 17597.07 761.48 0.0166
120x80x5{120 80| 5 | 7 |13.0p305.8 50.97| 48.3) 29.35 86.2| 15.8[25.125.910.28 1.035| 1.798.181222.599 112.93] 20878.95 923.89 0.0209
140x40x2.5140 40| 25| 3 | 528141.38 20.2| 51.112.25 7.04| 2.2311.3 84| 4.15| 0.158| 3.9425.7/620.104 52.88 | 27403.94 136312  0.0067
140x40x3140 40| 3 | 5| 6.29164.6623.52 51.3] 14.37| 8.26| 26311586/ 4.91] 0.271| 3.9925.32719441 65.23| 32117.43 165202  0.0080
140x60x3[ 140 60| 3 | 5| 749220973157 54.5) 1848 25.89 5.79|18.615.3 5.85 0.271| 2.9718.56326.398 63.78| 31256.91 118406  0.00H
140x60x5 140 60| 5 | 7 |12.088454149.35 534| 294 | 40.8] 9.3218416.4 949 1.222| 2.9¢17.48225.183 106.29] 46794.34 1858.16 0.016(
140x60x6{ 140 60| 6 | 9 |14.26398.6866.95 52.9) 34.27| 47.4610.9118.216.1 11.2) 2.078| 2.9616.76324.42(0 128.30] 52520.01 2150.7¢ 0.0194
140x70x5 140 70| 5 | 7 |13.0891.0555.86 54.7| 32.77 62.87112.5621.919.910.28 1.222| 2621524827513 116.25] 48770.28 1772.6] 0.0164
140x80x41140 80| 4 | 6 | 11.4359.4251.35 56.1| 29.52 74.5913.1125.623.4 8.95| 0.633| 2.3614.01129.945 103.76] 43535.36 1453.83 0.013(
140x80x5{140 80| 5 | 7 |14.08136.6862.38 55.7| 36.15 91.1316.2325423.811.06 1.222| 2.3413.48 29.357 131.01] 51844.57 1766.0] 0.0164
145x65x3/145 65| 3 | 5| 7.9| 255.0435.18 56.8| 2049 32.69 6.78|20.316. 6.2 | 0.281] 2.9/19.26[/29.134 70.89| 39790.78 1365.70  0.0089
148x25x4{148 25| 4 | 6 | 7.34170.3424.37149.6) 1599 2.7 | 1.3460./49.4 5.75| 0.672| 6.2%42.016 6.533| 154.39 42376.16 6486.71 0.0063
160x40x2(160 40| 2 | 3| 4.69158.7719.58 584 12.13 593| 1.8311.3 7.5/ 3.65 0.093| 4.9037.22423.657 64.42| 56717.77 239808  0.0039
160x40x31160 40| 3 | 5| 6.852285928.57|57.8| 17.79 8.55| 2.6411.4 8 | 5.3 0.311| 4.9636.5/922.513 99.64| 82057.72 364486  0.0058
160x40x5{160 40| 5 | 7 |11.08855.3244.31] 56.6| 27.95 12.23 4.25/10.9 8.9| 8.71] 1.409| 5.0235.55520.758 169.25 124919.71| 601783  0.009%
160x50x2.5160 50| 25| 4 | 6.262254128.18 60 | 16.99 13.68 3.48/14.§10.1 492 0.181| 4.2%31.66828423 74.43| 66990.82 235691  0.0055
160x50x4{ 160 50| 4 | 6 | 9.81343.1242.4259.1| 26.06 20.87| 5.41/14.6114 7.7| 0.729] 4.2880.70827.162 120.98| 100906.26 | 371493  0.0087
160x50x5(160 50| 5 | 7 |12.081154151.93 58.6] 31.82 25.29 6.63/14.511.9 9.49] 1.409| 4.3030.12826.389 151.63| 120549.44 | 456842  0.0109
160x50x6/ 160 50| 6 | 9 |14.26479.22 59.9| 58| 37.0829.35 7.8 |14.8124 11.2| 2400| 4.3229.38 25373 183.93] 137108.19| 5403.71 0.013]
160x60x2.5160 60| 2.5| 4 | 6.76256.4832.06 61.6) 18.96 22.79 4.96/184 14|5.31) 0.181| 3.74 27.7| 3247) 72.45| 65161.56 2006.8D0  0.0099
160x60x3/160 60| 3 | 5 |8.058302.5437.82 61.3) 22.46 26.95 5.89|18.314.46.32 0.311| 3.7927.29532.028 87.77| 76729.82 239568  0.0071
160x60x41160 60| 4 | 6 | 10.6 391.8 48.97] 60.8| 29.18 34.98 7.72/18.414.3 8.32| 0.729| 3.7926.68831.312 117.37] 98060.29 3131.64 0.009%
160x60x5{160 60| S | 7 |13.084754959.44 60.3| 35.7| 42.569.49| 18|15.410.28 1.409| 3.7926.07330.593 146.82| 117113.96 | 382807 0.0120
160x60x6/ 160 60| 6 | 9 | 15465041 68.8| 59.1 41.6| 49.6811.1817.915.112.14 2400| 3.7{25.27/29.680 177.58] 133185.20 | 448741 0.0144
160x70x4/160 70| 4 | 6 | 11.44404855.06 62.1] 32.3| 53.8610.4|21.418.2 8.95| 0.729| 3.3423.54134.545 120.35] 97895.73 2833.83 0.010(0
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160x80x2.516( 80| 25| 3 | 7.78319.8939.99 64.1] 22.9| 50.52859/25421.26.11| 0.182| 3.0(022.30538.31d 77.35| 66109.23 172527  0.0064
160x80x3/160 80| 3 | 5| 9.29 376.5 47.06 63.8) 27.17] 59.7910.2225421.5 7.26| 0.311| 3.0121.65737.80 95.44| 78146.96 2067.04  0.0076
160x80x41160 80| 4 | 6 | 12.4489.1661.14] 63.3| 3542 78.01{13.4425.3 22| 9.58| 0.729| 3.0021.03537.135 128.08] 100046.15| 269414 0.0103
160x80x5 160 80| 5 | 7 | 15.08695.6¢ 74.46 62.8) 4345 954 | 16.525.122.411.8% 1.409| 3.0020.41136.460 160.88] 1197/63.25| 3284.79 0.0129
160x80x6160 80| 6 | 9 |17.88592.78 86.6| 62.3 51.9| 11.721959 25| 23[14.02 2400| 2.9919.58435.639 195.99| 136786.45| 383827  0.0156
160x100x3160 100 3 | 5 | 10.4$152.1256.31] 65.6| 31.88/110.0415.5932.429.4 8.28| 0.311| 251 17.8| 41.759114.01] 84743.78 2029.34 0.0077
160x100x$160 100 6 | 9 | 20.28835.14104.3964.2| 60.18207.5930.04 32|30.915.91 2400| 2.4815.83739.564 240.13| 150458.18 | 380292  0.0157
160x120x$160 120 5 | 7 | 19.08836.99104.5 66.2| 58.95291.0135.78 39 (38.114.99 1409| 2.1313.96443.154 240.70| 145044.97 | 336113 0.0128
160x120x$160 120 6 | 9 | 22.6f77.51122.1965.7| 69.42/342.6342.4938.939.317.79 2.400| 2.1213.18142.347 300.94| 167975.55| 3966.61/ 0.0153
160x160x$160 160 6 | 9 | 27.461262.83157.767.8| 87.9| 750.852.8252.356.921.56 2.400| 1.649.666746.029 457.66| 203638.33 | 442412  0.014%
170x60x4170 60| 4 | 6 | 11| 452.8563.27 64.1| 31.88 35.61] 7.78| 18(14.28.64| 0.777| 4.1631.77134.054 138.36] 149720.55| 43965{ 0.0083
170xX70x5(170 70| S | 7 |14.58%518.2872.74 65.1| 43.16 66.9912.9221.418.1 145 1.502| 3.7127476$37.063 173.56] 176744.68 | 4768.74 0.0111
170x70x6{170 70| 6 | 9 |17.26/18.4484.52 64.5) 50.56 78.3215.2921.318.613.5% 4.849| 3.7226.60436.13G 210.40| 202272.27 | 559753  0.0183
180x40x31180 40| 3 | 5| 7.45306.2834.03 64.1) 21.22| 8.79| 2.7| 10/9/.5| 585 0.978| 5.9950.24825.163 146.62| 185361.90 | 736646  0.0072
180x40x4{180 40| 4 | 6 | 9.8113954743.94 63.5 27.64 11.3| 35210.1 79| 7.7| 3.033] 6.0319.72124.10 198.38] 237764.63 | 9863.5( 0.0109
180x50x41180 50| 4 | 6 | 10.6457.4350.82 65.7| 31.16 21.53 5.48|14.410.1 8.32| 3.7/0| 5.2142.72$31.293 174.50] 233304.24 | 745559  0.0140
180x70x6/ 180 70| 6 | 9 | 17.8823.9891.55 67.9| 54.95 79.76/15.3821.118.114.02 14.880 4.11|31.60839.272 243.42] 302108.85| 769269  0.0274
180x80x4{180 80| 4 | 6 | 13| 643.3271.48 70.3) 41.72 61.01]13.6124.920.110.21 5.242| 3.7129.82344.548 163.12| 216717.76 | 486487 0.020%
180x80x5 180 80| 5 | 7 |16.08/84.8¢87.21] 69.8| 51.24) 99.1516.8624.§21.212.68 11.565 3.70[29.12543.777 204.69] 260982.14 | 596162 0.0274
180x80x6/180 80| 6 | 9 | 19.0i914.79101.7969.3| 60.17/116.2319.9424.121.114.96 22.173 3.71|28.19142.828 248.72] 300295.56 | 701169  0.0350
180x100x$180 100 5 | 7 | 18.0936.08104.28 72 | 59.99184.0425.8331.928.§ 14.2| 14.414 3.10[24.05949.009 229.34| 270427.20| 551788 0.0319
180x100x$180 100 6 | 9 | 21.461096.8121.84 71.5| 70.61{216.4530.6331.§29.316.84 27.03q 3.09|23.05%48.179 281.43| 312611.63 | 648849  0.0402
180x130x3180 130 8 | 12|32.821746.6194.07 72.9|111.44574.5965.8041.§42.§25.7¢ 68.309 2.44{16.38551.848 514.51| 437083.94 | 84301% 0.056]1
185x100x3185 100 3 | 5| 11.4626.0667.68 74.8| 38.541154%15.9332.127.5 8.79| 4.232| 3.212752752.83d 142.02] 206560.96 | 3909.5( 0.020%
200x50x3/200 50| 3 | 5| 8.69456.99 45.7| 72.128.18 17.09 4.24{14.19.7| 6.79| 4936| 6.1657.71936.163 181.90| 379691.65| 10499.34 0.013H
200x50x4{200 50| 4 | 6| 11.41592.9% 59.3| 72.1 36.67] 22.11] 5.54/13.910.1 8.95| 12.422 6.19|57.07335.080 245.57| 491679.17 | 1401581 0.0186
200x80x4] 200 80| 4 | 6 |13.81823.4$82.35 77.2| 4843 83.6713.8624.619.610.83 13.244 4.46/40.49152.069 210.94| 444738.08| 854137  0.024%
200x80x5200 80| 5 | 7 |17.081006.3100.68376.7| 59.54/102.4%17.1|24.520.113.42 27.237 4.46| 39.72 51.194 264.93| 538709.57 | 1052298 0.031f
200x80x6{200 80| 6 | 9|20.261174.9117.4966.1] 70 |120.220.2424.420.615.91 49.274 4.47|38.69650.102 322.20| 624661.97 | 12467.90 0.0392
200x100x3200 100 3 | 5 | 11.65/48.08 74.81] 80.1] 42.96118.4116.1131.926.3 9.15| 6.684| 3.7634.56559.77/4 165.00] 340909.75| 570332 0.0213
200x100x6200 100 6 | 9 | 22.651400.8140.0878.6| 81.64/224.3131.1431.527.917.79 54.712 3.75(31.95657.095 340.27| 620840.50 | 1087370 0.0442
200x180x200 180 6 | 9 | 32.262304.4230.44 84.5| 128.211122.295.54 59|61.325.23 57432 2.28| 18.21] 71.358 600.69| 780565.10 | 10938./0  0.0452
205x38x2.0209 38| 2.5| 3 | 6.81|351.9634.34 71.9| 21.65 6.62| 2.0§ 9.9| 6.2| 5.34| 4.624| 7.46/3.33626.952 187.12| 369851.59 | 1372280 0.0114
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206x75x6/206 75| 6 | 9 | 20.0P1200.81165877.4] 70.07]101.0917.9222.518.415.72 64.868 4.95/44.50549.931 351.34] 780728.35| 1563624  0.0401
210x57x4{210 57| 4 | 6| 12.3728.5969.39 76.8| 42.45 32.59 7.21)16.411.§ 9.71) 20.844 6.15|59.64942.447 268.20| 679057.97 | 1599760  0.022H
250x35x3| 250 35| 3 | 5| 9.2536574% 52.6| 84.3 3441 6.34| 2.128.3| 5.2| 7.26| 11.04210.59126.5621.509 473.75 1289403.05] 59955243  0.008b
250x60x3/250 60| 3 | 5| 10.74886.2% /0.9 | 90.§ 43.67| 30.27| 6.19/16.§11.1 8.44| 11.482 7.86| 93.3| 55.288341.61| 1762007.25] 3187236 0.0118
250x60x4{250 60| 4 | 6 |14.211156.192.49 90.2| 57.09 39.37| 8.12/16.611.511.1% 28.067 7.90{92.51353.905 461.79| 2302909.15] 4272124  0.016D
250x60x5/250 60| 5 | 7 |17.581413.$113.0889.6| 70.22 48.01] 9.99/16.911.913.81 56.454 7.93|91.73152.520 584.60| 2816447.17| 53626.60 0.020P
250x60x6/250 60| 6 | 9 | 20.861650.$132.0488.9| 82.56 56.1611.7916.412.416.3$100.1528.00/90.77150.658 719.00| 3306165.08| 6526454 0.0244
250x125x250 125 6 | 9 | 28.6f2811.7224.94 99 | 130.1#448.0149.3339.934.2 22.5{103.5924.69|51.641 90.950 596.12| 2799789.49] 3078396  0.0362
270x100x7270 100 7 | 10{33.113254.4241.07102.3143.9¢283.0837.4830.424.324.42183.0286.38| 76.6| 88.204851.56| 5753549.56| 65229.71  0.033D
280x60x3.280 60| 3.9] 6 |15.081495.6106.8399.8| 66.57| 39.47] 8.01/16.410.1 11.8| 34.63G 9.45|125.1559.874 657.11| 4923906.00] 8223835 0.0128
280x140x5280 140 5 | 7 | 27.088388.2242.01111.§138.9[536.6952.3144.937.421.21 74.773 5.26|67.184116.394651.43| 5094020.00[ 4376516  0.0258
300x80x6{ 300 80| 6 | 9 |26.263131.5208.77109.2128.15134.7421.2522.116.620.62141.9158.90| 122.9 84.5851114.7211587718.1(1369955() 0.0201
300x100x$300 100 8 | 12|37.624694.8312.98111.1189.27327.8842.9429.923.129.53341.791 7.68/102.1799.991363.44 13929809.56¢ 139301.05 0.0309
310x100x6310 100 6 | 9 | 39.263948.954.7/116.2153.02256.3933.0129.622.322.91155.4358.07|114.85107.6961 109.24 13720239.1( 127397.33 0.0218
380x65x6 380 65| 6 | 9 |29.21998.3126.31130.7166.64 77.7114.3716.310.922.97197.15514.64262.2] 75.3892798.62 55334922.33 733996.09 0.0102
400x95x8/400 95| 8 | 12|44.829179.8458.99143.1285.48305.1240.0626.118.§35.18501.1041 2.8(0236.231.32.1943631.511 1340396 3. 7[885/861.01  0.0151
410x65x6[410 65| 6 | 9 | 31.66077.4296.46139.9191.27 78.8214.4515.910.324.38224.6/816.4()318.64 76.22593608.02 87632111.5(01149652.84 0.0087

Notes: 1. The section axis x of this range corredpdo the axis y of the GOST 8278-83* range. Tdwtisn axis y of this range corresponds to
the axis z of the GOST 8278-83* range.
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y Hot-rolled steel channels accordingto DSTU 3436-96

h b S t] | 2 A Pl x| W[ kK| S| ¥ | W] iy|[x]| Jd]| ox ol a2 X)) K
N [mm]mm| mm mm mm mp a2 b s sm3 mm B s a8 m pm g™ m ™2 "2 nim sn6
| 0| | 44 70 60 2b 616 484 228 P1 (192 [5581| 2/ 95 116 101 147 23178 3BHhA 16 01534
6%y | 66| 3B| 44 72 60 2b 7% {9 486 |15 [54 |9 108 124 126 1280 3IBFP 5105 47 01011
8 | 80| 40| 45| 74 5 2b 89 706 84 P24 (363 (2328 474 119 131 1 139 4985 81654 (0111 0073
1y | 100| 46| 45 74 70 3D 109 80 174 PAS |30A |2204| 646 137 144 1965 1380 71349 122781 66X 00610
V(10| 2| 48 74 7% 3D 133 1p4 P4 BO6 |4786 |2X12| 852 168 194 249 1450 9B6H689 17283H 6 00381
4y | 140 58| 49 81 80 3D 186 13 4Pl 02 |5 [44B4| 11| 17| 167 31# 1983 12467 209162 13 00308
16y | 160] 64| 500 84 8% 3pb 181 M2 747 934 (6421 |[5633| 138 187 18 390 2116 156890 294238 94 00248
16| 160| 63| 50 90 8% 3b 195 1}53 &3 103 [649 (5288 164 201 20 48 2315 17070 0635 380 0024D
18y | 18| 70 511 89 99 3p 27 ]}63 100 (121 | 728|686 | 17| 204 194 478 28 191843 3Bfr43  U20@2371( 11640 00208
18y | 180| 74| 51| 99 9.d) 3p 22 WA 1O [ |[B2A[7M06| 20| 21§ 2B 580 2497 20/H27 3B 3621625087 13702 0020
AV | 20| 76| 52 99 9% 4D 234 1B4 150 [152 |80 [(8113| 205 220 20 540 24|80 230p91 44942 52016.30606| 15731 001D
2y | 20| & 54 95 100 4p 267 P 2110 (192 889 (1Bl | 51| 237 21 7% 2064 2732 5X{118 MPAL81| 21277 00158
2y | 20| 0| 56/ 100 1056 40 36 P4 2000 P42 |973 |128| 36| 26| 24P 943 2903 33p18 64315  WBf//57157( 2919 00140
2y | 201 9%| 60 105 110 4|5 3‘.152 77 460 (308 |10B | 12| 373 278 24y 116 03R 3BPH5L  7M4BMRLABE| 78474 3395 00123
3y | 00| 1000 65 110 120 §HO 44)5 38 B0 |37 |12 | 227| 436 284 2592 1471 3120 44821 919608/8/18| 10613 508748 00UO
3y | 30| 105 70 11y 130 5O 4‘35 5 M0 |484 | 1| | 2410| 518 20 2599 1887 IRHB 504476 10696HBBLSL| 141495 66731 00101
XY | 360 110 75 126 140 €60 584 419 1080 |601 | B | 513| 617 3 268 2466 3372 574053 124740860478| 186030 86847 0006
40y | 400 115 80 135 1590 60 615 483 1620 (761 | ¥ | 642 734 RB 245 3B A6 660650 14846346367 26045 1126 00086

Notes: 1. The section axis x of this range corradpdo the axis y of the DSTU 3436-96 range. ThtiGge axis y of this range corresponds to the
axis z of the DSTU 3436-96 range.
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Bent steel closed square profiles according to TU 36-2287-80

N h b S A Jy=Jz Wy=Wz ly=iz P Jd ®J Wo Jp k

) mm [ mm | mm sm”2 sm™4 sm”3 mm kg/| sm™4 sm”6 sm™4 sm™4 1/sm
20x1.50 [ 20| 20| 1.5 1.0519p 0.58 0.58 742  1{11 098 0.22 0.30 0.99 0.1366
20x2.00 | 20| 20 2 1.3368 0.69 0.69 7.16 1j44 1.20 40.2 0.36 1.21 0.1470
22x2.30 | 22| 22| 2.3 1.675918 1.03 0.93 7.82| 1.23 1.80 0.42 0.54 1.82 0.134
25x1.50 [ 25| 25| 1.5 1.3519p 1.21 0.97 9.47 1.6 2.0D .78 0 0.63 2.02 0.1012
25x2.00 | 25| 25 2 1.7368 1.47 1.18 9.41 1)88 2.50 70.8 0.77 2.53 0.1114
25x2.50 | 25| 25| 2.5 2.0887p 1.67 1.34 8.95 1|34 292 0.91 0.89 2.96 0.1176
25x3.00 [ 25| 25 3 2.4078 1.81 1.45 8.8 1[76 3.26 10.9 0.97 3.29 0.1197
28x2.50 | 28| 28| 2.5 2.3887p 2.48 1.77 10{18 2{42 4.26 1.77 1.31 4.31 0.1025
28x4.00 | 28| 28 4 3.4272 3.00 2.14 9.36 1)52 5.55 017 1.62 5.60 0.1042
30x1.50 | 30| 30| 1.5 1.6519p 2.19 1.46 11/52 1{98 3.56 2.09 1.13 3.59 0.0785
30x2.00 | 30| 30 2 2.1368 2.71 1.81 11.p6  2}43 4.50 43 2. 1.41 4.56 0.0876
30x2.50 | 30| 30| 2.5 2.5887H 3.14 2.09 1101 2|75 535 2.64 1.65 5.41 0.0940
30x3.00 | 30| 30 3 3.0078 3.47 2.31 10.f4  2]12 6.0p 72 2. 1.84 6.13 0.0980
30x4.00 | 30| 30 4 3.7472 3.89 2.59 10.19 2)47 711 64 2. 2.09 7.17 0.0989
35x1.50 | 35| 35| 1.5 1.9519p 3.59 2.05 13/56 218 576 4.79 1.85 5.81 0.0632
35x2.00 | 35| 35 2 2.5368 4.49 2.57 13.81 2]75 7.3l 69 5. 2.33 7.45 0.0709
35x2.50 | 35| 35| 2.5 3.0887H 5.26 3.01 13/06 322 8.82 6.32 2.75 8.92 0.0768
35x3.00 | 35| 35 3 3.6078 5.91 3.38 1280 1)81 10.11 .70 6 3.11 10.23 0.0812
35x4.00 | 35| 35 4 4.5472 6.84 3.91 12.p6 2|39 12.18 .87 6 3.64 12.31 0.0854
40x1.50 | 40| 40| 1.5 2.2519p 5.48 2.74 15/60 3146 8.73 9.73 2.81 8.80 0.0522
40x2.00 | 40| 40 2 2.9368 6.93 3.46 1586 4]37 11.24 1.761 3.58 11.34 0.0589
40x2.50 | 40| 40| 2.5 3.5887p 8.19 4.09 15/10 2|67 M35 13.27 4.26 13.68 0.0642
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40x2.70 [ 40| 40| 2.7 3.840318 8.64 4.32 15.00] 3.93 14.40 13.75 4.51 14.5 0.0660
40x3.00 | 40| 40 3 4.2078 9.28 4.64 14.85 4]93 15.63 4.331 4.86 15.80 0.0683
40x3.20 | 40| 40| 3.2 4.446208 9.66 4.83 14.74] 2.54 16.41 14.64 5.07 16.5 0.06p7
40x4.00 [ 40( 40 4 5.3472 10.97 5.48 1482 3.7 19.16 5.311 5.80 19.37 0.0735
40x5.00 | 40| 40 S 6.355 12.06 6.03 13./8  3]29 21.79 5.100 6.45 22.01 0.0747
45x1.50 | 45| 45| 1.5 2.5519p 7.95 3.53 1765 3149 712.9  18.10 4.07 12.66 0.0441
45x2.00 [ 45( 45 2 3.3368 10.10 4.49 1740 3|93 16.26 22.14 5.21 16.40 0.0499
45x2.50 | 45| 45| 2.9 4.0887p 12.03 5.34 17]15 516 6819. 25.32 6.24 19.88 0.0546
45x3.00 | 45| 45 3 4.8078 13.72 6.10 16.00 531 22.84 27.72 7.16 23.09 0.0584
45x3.20 [ 45( 45| 3.2 5.086208 14.34 6.37 16.79 2.83 24.03 28.48 7.5( 24.30 0.05p7
45x4.00 | 45| 45 4 6.1472 16.49 7.33 16.88 3{49 28.35 30.50 8.68 28.67 0.0637
45x5.00 [ 45( 45 S 7.355 18.46 8.20 15.84 4]13 32.{4 1.1 9.81 33.09 0.0663
50x1.50 | 50| S50 1.5 2.8519p 11.06 4.42 19/69 3.02 4017. 31.43 5.65 17.51 0.0378
50x2.00 [ 50| 50 2 3.7368 14.13 5.65 1944 4.4 22.%8 8.8 7.26 22.76 0.0429
50x2.50 | 50| S50 2.5 4.5887p 16.91 6.76 19{19 5.7 P74 44.84 8.74 27.70 0.0471
50x3.00 | 50| 50 3 5.4078 19.40 7.76 18.p4 6|73 31.98 49.62 10.08 32.31 0.0506
50x3.20 [ 50| 50| 3.2 5.7262Q8 20.33 8.13 18.84 2.96 33.70 51.21 10.5 34.0 3.05]1
50x4.00 | 50| 50 4 6.9472 23.59 9.44 1843 4|31 40.05 55.86 12.38 40.50 0.0557
50x5.00 | 50| 50 S 8.355 26.77 10.71 17.p0 4|54 46.77 58.40 14.17 47.29 0.0588
50x6.00 [ 50| 50 6 9.6312 29.02 11.61 1786 3.3 52.09 58.05 15.48 52.63 0.0598
55X2.50 [ 55| 55| 2.5 5.0887% 22.96 8.35 2124 487 0GB7. 74.88 11.84 37.33 0.0412
55X3.00 [ 55| 55 3 6.0078 26.47 9.62 20.p9 6|33 43.25 83.55 13.72 43.68 0.0443
55X3.20 | 55| 55| 3.2 6.366208 27.78 10.10 20.89 7.51 45.64 86.52 14.4 46.1 50.04
55X5.00 [ 55| 55 5 9.355 37.26 13.55 19.p6 3|59 64.45 102.14 19.64 64.98 0.0524
60X2.00 [ 60| 60 2 4.5368 25.12 8.37 23.p3 5]25 39.13 101.68 12.86 40.01 0.0330
60X2.50 | 60| 60| 2.5 5.5887% 30.3( 10.1C 23{28 6.82 .5448 119.19 15.59 48.95 0.0364
60X3.00 [ 60| 60 3 6.6078 35.06] 11.69 2303 §.3 56.90 133.90 18.12 57.43 0.0393
60X3.20 [ 60| 60| 3.2 7.006208 36.85 12.28 2293 9.4% 60.11 139.06 19.G 60.4 403.0
60X4.00 | 60| 60 4 8.5472 43.38 14.46 22.63 2{74 72.19 155.76 22.62 72.97 0.0438
60X5.00 [ 60| 60 5 10.355 50.17] 16.72 2201 3[{64 85.%7 168.77 26.36 86.54 0.0470
60X6.00 [ 60| 60 6 12.0312 55.52 18.5] 2148 4|53 $86.9 174.39 29.38 98.07 0.0490
70x2.00 [ 70| 70 2 5.3368 40.70 11.63 2761 5|34 63.89 227.86 20.77 64.30 0.0264
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70x3.00 | 70| 7O 3 7.8078 57.44 16.41 2712 5|71 92.19 306.26 29.57 92.99 0.0316
70x4.00 [ 70| 70 4 10.1472 71.91 20.55 26162 696 9B17 364.26 37.32 119.18 0.0359
70x5.00 [ 70| 70 5 12.355 84.24 24.07 2611 §.3 14120 404.26 44.02 142.75 0.0384
70x6.00 | 70| 7O 6 14.4312 94.5]; 27.0C 25159 945 761 428.66 49.71 163.61 0.0406
70x8.00 [ 70| 70 8 18.1888  109.3p 31.25 24)52 3.9 8194 439.71 58.21 196.89 0.0427
80x2.00 [ 80| 80 2 6.1368 61.67 15.42 3170 5|81 96.26 456.28 31.40 96.82 0.0218
80x3.00 | 80| 80 3 9.0078 87.74 21.93 3121 7]59 T39)6 622.52 45.03 140.77 0.0261
80x3.50 [ 80| 80 3.5 10.39395 99.64 24.91 30.94 9.09 160.16 691.76 51.33 16165 .0279
80x4.00 [ 80| 80 4 11.7472  110.8D 27.7( 30]71 10.3279.82 752.37 57.28 181.52 0.0294
80x5.00 | 80| 80 S 14.355 130.98 32.75 3021 422 6B5l6 849.47 68.16 218.92 0.0321
80x6.00 [ 80| 80 6 16.8312  148.41 37.1( 29]69 §.28 .0850 917.42 77.69 252.86 0.0341
80x7.00 | 80| 80 7 19.1758  163.19 40.8( 29(17 §.21 .0380 959.73 85.90 283.23 0.0357
80x8.00 | 80| 80 8 21.3888  175.4b 43.81 2864 9.87 .4306 979.81 92.85 309.94 0.0367
90x3.00 [ 90| 90 3 10.2078  127.1p 28.26 3529 119 .1201] 1158.25 65.09 202.58 0.0220
90x3.50 | 90| 90 3.5 11.79395 144.88 32.19 35.09 7.59 231.13 1294.78 74.42 232]99 0.0236
90x4.00 | 90| 90 4 13.3472  161.64 35.97 3480 .28 .1P60] 1416.90 83.30 262.39 0.0249
90x5.00 [ 90| 90 5 16.355 192.41 42.74 3430 821 9214 1620.51 99.76 318.06 0.0273
90x6.00 | 90| 90 6 19.2312  219.59 48.8( 33{79 9.87 .4365] 1774.25 114.50 369.42 0.0297
90x8.00 | 90| 90 8 24.5888  263.78 58.64 32{75 11.3353.57 1952.28 138.94 458.73 0.0319
100x2.00| 100 100| 2 7.7368 122.97 24.59 39.87 4.27 190.44 1444.93 4062 191.36 0.0157
100x3.00| 100 100| 3 11.4078| 176.91 35.38 39.38 6.28 278.34 2011.78 .3790] 280.21 0.0189
100x4.00| 100 100| 4 14.9472| 226.04 45.21 38.89 8.21 361.43 2484.44 6.181| 364.21 0.0215
100x5.00| 100 100| 5 18.355 270.51 54.10 38.39 9.7 439.02 2870.05  .8439 443.16 0.0236
100x6.00| 10Q 100| 6 21.6312| 310.48 62.10 37.89 4.45 511.40 3175.12 1.356| 516.88 0.0253
100x7.00| 10Q 100| 7 24.7758| 346.09 69.22 37.38 5.9 578.90 3408.49 0.758| 585.23 0.0267
100x8.00| 100 100| 8 27.7888| 377.51 75.50 36.86 6.75 640.93 3575.26 8.089| 648.06 0.0279
100x10.00[ 100 | 100| 10 33.42 428.38 85.68 35.80 8.84 748.28 3737.69  .6826 756.69 0.0294
110x4.00| 110 110| 4 16.5472| 305.59 55.56 42.97 10/65485.61 4115.35 156.73 489.35 0.018y
110x5.00| 110 110| 5 20.355 367.29 66.78 42.48 12.51591.93 4792.26 189.39 597.24 0.0206
120x3.00| 120 120| 3 13.8078| 312.18 52.03 47.95 15/54487.32 5197.34 158.99 490.14 0.014%
120x4.00| 120 120| 4 18.1472| 401.89 66.98 47.06 4.84 635.43 6507.79 5.730| 640.24 0.0165
120x5.00| 120 120| 5 22.355 484.75 80.79 46.5/7 6 776.6B 7627.86 249.40783.24 0.0182
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120x6.00| 120 120 26.4312| 560.93 93.49 46.0 7.22 910.34 8569.91 9.948| 918.93 0.0196

120x7.00| 120 120 30.3758| 630.62 105.10 45.5 9.47 1036.p3 9346.21327.46 1047.10 0.0209

120x8.00| 120 120 34.1888| 694.02 115.67 45.0 11/441155.12 9968.92 361.89 1167.5p 0.021

120x10.00[ 120 | 120 41.42 802.65 133.78 44.0 13)J211369.13 10801.36 421.76 1384.6b 0.023

125x4.00| 125 125 18.9472| 456.83 73.09 49.1 16/79721.01 8062.82 233.66 726.04 0.015¢

125x5.00| 125 125 23.355 551.85 88.30 48.6 8.17 881.92 9477.37  .6383 889.17 0.0172

125x6.00| 1235 125 27.6312| 639.60 102.34 48.1 10{731034.84 10679.42 330.21 1044.38 0.018

140x3.00| 140 140 16.2078| 503.14 71.88 55.1 12)84781.01 11534.87 255.57 785.01 0.011

140x4.00| 140 140 21.3472| 651.16 93.02 55.2 151 1022.P2 14582]74332.33 1028.82 0.0132

140x5.00| 14Q 140 26.355 789.69 112.81 4.1 22.9 1253.63 17264)81404.85 1263.17 0.0146

140x6.00| 140 140 31.2312| 918.96 131.28 54.2 7.22 1475.11 19600{74473.14 1487.80 0.0158

140x7.00| 14Q 140 35.9758| 1039.19 148.46 53.1 47  1686.p2 21@10{1 537.21 1702.43 0.0168

140x8.00| 14Q 140 40.5888 | 1150.59 164.37 53.7 7]7 1887.[r'5 23312{43%97.08 1906.82 0.0177

140x10.00] 140 | 140 49.42 1347.76 192.54 52.2 10J19259.16 25872.94 704.368 2284.01 0.019

150x3.00| 150 150 17.4078| 622.51 83.00 59.8 12)22964.12 16458.67 315.89 968.7§ 0.010

150x4.00| 150 150 22.9472| 807.32 107.64 59.3 8.17 1263.p8 20886[{4%11.51 1271.31 0.0120

150x5.00| 150 150 28.355 981.18 130.82 58.8 10/731551.83 24825.25 502.28 1563.08 0.013

150x6.00| 150 150 33.6312| 1144.37 152.58 58.3 12]841828.74 28299.28 588.18 1843.79 0.014

olo|u|s|w|Blo|~Nfo|u|swlo|lv|sE|e(N]o

150x8.00| 150 150 43.7888| 1439.39 191.92 57.3 13.1 234795 338494 745.44 2370.87 0.0161
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150x10.00] 150 | 150 | 10 53.42 1694.39 225.92 56.3 17/58820.11 38028.42 883.51 2850.47 0.017
150x12.00[ 150 | 150| 12 | 62.5248| 1911.14 254.82 55.7 19.3 324420 4@7124{ 1002.76| 3280.79 0.0186
160x4.00| 160 160| 4 24.5472| 986.64 123.33 63.4 9.11  1540.18 29202{08602.36 1549.14 0.0109
160x5.00| 160 160| 5 30.355 [ 1201.35 150.17 62.91 11)981893.87 34827.30 614.17 1906.96 0.012
160x6.00| 160 160| 6 36.0312| 1403.7§ 175.47 62.42 14|42234.69 39841.05 720.45 2252.29 0.013
160x8.00| 160 160| 8 46.9888 | 1772.81] 221.60 61.42 16|98877.14 48151.39 916.45 2904.2// 0.014
160x10.00] 160| 160 | 10 57.42 2095.72 261.96 60.41 21)823466.36 54366.18 1090.58  3502.78 0.016
160x12.00[ 160 | 160| 12 | 67.3248| 2374.4§ 296.81 59.39 26{241001.24 58715.15 1243.04  4045.§1 0.017
180x5.00| 180 180| 5 34.355 | 1735.72 192.86 71.08 10J/052721.40 64426.25 885.39 2738.59 0.010
180x6.00| 180 180| 6 40.8312| 2034.58 226.06 70.99 12|98217.88 74127.81 1041.5p  3241.21 0.011
180x8.00| 180 180| 8 53.3888| 2586.29 287.37 69.90 15]991161.66 90681.37 1332.8D 4198.29 0.012
180x10.00[ 180| 180 | 10 65.42 3078.51 342.06 68.q0 18/87/5038.73 103712.89] 1596.2¢  5088.94 0.013
180x12.00[ 180 | 180 | 12 | 76.9248| 3513.4§ 390.39 67.98 8.p8  5847[79 112852 1832.05| 5910.73 0.0146
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180x16.0| 180 180| 16 | 98.3552| 4220.5( 468.94 65.91 10{59257.08 124946.04] 2223.0l  7339.41 0.0139
200x5.0 [ 200 200| 5 38.355 [ 2408.79 240.88 79.45 13)013760.22 111397.11] 1226.47  3782.7 0.0087
200x6.0 [ 200 200| 6 45.6312| 2830.56 283.06 78.16 8.96  4453. 128854. 1445.93| 4483.35 0.0095
200x8.0 | 200 200 8 59.7888| 3616.63 361.66 77.48 11|84779.73 159003.89] 1858.98  5827.49 0.01Q7
200x10. [ 200} 200 | 10 73.42 4328.14 432.81 76.18 14]427024.26 183682.98| 2237.43  7090.50 0.0118
200x12.0| 200 200| 12 [ 86.5248| 4967.6( 496.76 75.977 17{28185.61 203246.22| 2581.68 8270.15 0.0126
200x14.0| 200 200| 14 | 99.1032| 5537.41 553.75 7405 943 9262, 218643 2892.08| 9363.70 0.0134
200x16.0| 200 200| 16 | 111.1552 6040.21 604.02 73.72 12.4710253.28| 228816.42] 3169.20 10368.p2 0.0139
220x4.0 [ 2201 220| 4 34.1472| 2638.37 239.85 87.90 13.2  4074. 158929. 1337.14| 4092.56 0.0068
220x5.0 | 220 220 5 42.355 | 3236.58 294.23 87.42 17|8%034.33 182459.85] 1645.44  5061.40 0.0076
220x6.0 [ 2201 220| 6 50.4312| 3810.93 346.45 86.93 23|05970.33 211661.05| 1943.3p 6007.91 0.0082
220x8.0 | 220 220 8 66.1888| 4889.47 444.49 85.95 27|817769.74 263382.49| 2507.68  7829.97 0.0094
220x10.0| 220 220 10 81.42 5876.62 534.24 84.96 10/09470.95 306704.43] 3030.1/  9555.47 0.0103
220x12.0| 220 220 12 [ 96.1248| 6775.24 615.93 83.95 13.1 11072.32 3U393( 3511.10] 11181.66 0.0111
220x14.0| 220 220( 14 | 110.3032 7588.06 689.82 82.94 15.9912572.27| 370574.74 3950.78 12705.p9 0.0117
250x6.0 | 250 250 6 57.6312| 5669.19 453.54 99.18 18|8/8835.87 410994.76| 2884.683  8885.96 0.0068
250x8.0 [ 250 250| 8 75.7888| 7309.27 584.74 98.40 21|981536.16| 516020.42] 3738.52 11617.81 0.0078
250x10.0| 250 250 10 93.42 8829.65 706.37 97.42 249 14110 60835]. 4538.40| 14226.79 0.0086
250x12.0| 250 250 12 | 110.5248 10233.61| 818.69 96.22| 29.38 16557.52| 683482.85 5284.37 16710.11 0.0093
250x14.0| 250 250 14 | 127.1032 11524.19] 921.94 95.22| 11.1] 18874.86| 747703.21] 5976.72 19063.69 0.0099
250x16.0| 250 250 16 | 143.1557 12704.50| 1016.36 | 94.21] 9.0 21060.9 800094.T1 6619.89 22384 0.0104
260x6.0 | 260 260 6 60.0312| 6401.6( 492.43] 103.pT1.98| 9962.85 503474.30] 3255.28 10017.12 0.0045
260x8.0 [ 260 260| 8 78.9888| 8264.79 635.75] 102.p94.58| 13019.20| 633707.79] 4223.97 13108.14 0.0074
260x10.0| 260 260 10 97.42 9998.08 769.08] 101.B16.78| 15939.83| 746823.72] 5134.24 16067.p9 0.0081
260x12.0| 260 260 | 12 | 115.3248 11604.75 892.67 | 100.31 19.34( 18722.76| 843828.56| 5986.16 18891.37 0.0088
260x14.0| 26Q 260( 14 | 132.7032 13088.03] 1006.77 | 99.31] 11.3 21366.0 92572421 678Q0.00 2@&97p 0.0093
300x6.0 [ 300] 300| 6 69.6312| 9960.2] 664.01 119.604.98( 15425.84( 1053355.18 5054.26 15500.41 0.00%2
300x8.0 [ 300] 300| 8 91.7888| 12917.18 861.15 | 118.63 18.34| 20217.22| 1336732.78 6584.42 20340.p3 0.0060
300x10.0| 30Q 300( 10 113.42 | 15698.91 1046.59 | 117.6% 21.69| 24829.35| 1588816.22 8036.41 25009.32 0.0046
300x12.0| 30Q 300 | 12 | 134.5248 18309.17] 1220.61 | 116.66 25.9 | 29259.89] 1811153.74 9410.82 29500|67 0.00}/2
300x14.0| 300 300| 14 | 155.1037 20751.70] 1383.45 [ 115.67 27.98( 33506.59( 2005290.18 10707.6133810.33 0.0076
300x16.0| 30Q 300 | 16 | 175.1552 23030.23] 1535.35 | 114.671 35.7 | 37567.23] 2172763.5p 11927)087933.99 0.0081




350x6.0 [ 350| 350| 6 81.6312| 16003.6]l 914.49 | 140.03 10.9 | 24673.43] 2324798.4p 8104.82 24777{92 0.0042
350x8.0 | 350 350| 8 | 107.7888 20840.49( 1190.89 | 139.0% 14.35| 32422.93| 2972326.73 10596.032598.14 0.0048
350x10.0| 350 350 10 133.42 | 25435.9P 1453.48 | 138.07 17.55| 39930.27| 3560239.30 12981.47/40188.10 0.0053
350x12.0| 350 350 | 12 | 158.5248 29794.29| 1702.53 | 137.09 20.75( 47192.71| 4090995.38 15261.0247/541.82 0.0057
350x14.0| 350 350 14 | 183.1032 33919.99] 1938.29 | 136.11 26.84| 54207.56| 4567053.03 17434.Y154653.62 0.0061
350x16.0| 350 350 16 | 207.1552 37817.40] 2160.99 | 135.11 32.52| 60972.17| 4990864.98 19502.yY461518.13 0.0065
400x8.0 [ 400[ 400| 8 | 123.7888 31479.17[ 1573.96 | 159.47 11.31| 48753.29| 5918440.0¢6 15973.9548988.96 0.0039
400x10.0 40Q 400( 10 153.42 | 38540.68 1927.03 | 158.5(0 14.87| 60163.46| 7129415.04 19623.5/60513.14 0.0044
400x12.0( 400 400| 12 | 182.524§ 45288.97| 2264.45 | 157.52 18.33| 71255.98| 8240261.24 23134.9671733.58 0.0047
400x12.5| 400 400 12.5| 189.7188] 46927.70[ 2346.38 | 157.271 21.69| 73979.12| 85027/57.91 23991.1974490.44 0.0048
400x14.0( 400 400| 14 | 211.1037 51729.08] 2586.45 | 156.54 24.95| 82027.75| 9254649.87 26508.0B2643.57 0.0051
400x16.0| 400 400| 16 | 239.1552 57866.01f 2893.30 | 155.5% 28.1 | 92475.70] 10176249.229742.84] 93236.67 0.0054
400x20.0| 400 400 20 293.68 | 69250.3l 3462.52 [ 153.56¢ 34.09( 112388.12( 11755710.89 35798.86| 113448.05 0.0059

Notes: 1. The section axis x of this range corradpdo the axis y of the TU 36-2287-80 range. Tdwtien axis y of this range corresponds to the
axis z of the TU 36-2287-80 range.
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Bent steel closed rectangular profiles according to TU 36-2287-80

N h b S A X Wx IX Jy Wy Iy P Jd d Jp k

) mm|{mm|mm| sm*2| sm"4 sm™3  mm sm™4 smi3 mm kgl sm™M sm”6 sm”™4 1/sm
30x20x1.5 | 30 20 1.% 1.35 1.58 1.05( 10.8p 0.84 084 7.87] 1.11 1.82 1.52 1.90 0.1405
30x20x2.0 | 30 20 2| 1.74 1.93 1.2B 10]531.01 1.01| 7.62] 1.44 2.27 1.96 2.36 0.1337
35x20x1.5 | 35/ 20 1.5 1.50 2.33 1.33] 12.4p 0.96 0.96 | 8.01 1.22 2.27 2.24 2.44 0.1670
35x20x2.0 | 35| 20 2| 1.94 2.86) 1.6 12]151.17 1.17 | 7.78 1.6 2.84 2.92 3.04 0.1581
35x20x2.5 | 35 20 2.% 2.34 3.28 1.88] 11.8p 1.33 1.33| 7.54] 1.88 3.31 3.45 3.59 0.1489
40x20x1.5 | 40 20 1.5 1.65 3.26 1.63| 14.0p 1.09 1.09| 8.13 1.34 2.73 3.14 3.04 0.1859
40x20x2.0 | 40| 20 2| 2.14 4.04 2.0p 13]751.33 1.33| 7.90 1.74 3.42 412 3.79 0.1798
40X20x3.0 | 40( 20 3| 3.01 5.17 258 13]111.66 1.66 | 7.42] 2.42 4.48 5.43 4.84 0.1544
40x27x1.5 | 40 271 1.5 1.86 4.04 2.02 14.7B 2.19 1.62 | 10.8% 1.52 4.62 6.55 4.82 0.1062
40x27x2.0 | 40| 27 2| 2.42 5.05 2.5p 14]452.72 2.02 | 10.61 1.98 5.88 8.81 6.13 0.1025
40x27x2.5 | 40| 27 2.% 2.94 5.90 295 14.1f 3.16 2.34 | 10.37 2.43 6.99 10.81 7.28 0.0989
40x27x3.0 | 40 27| 3| 3.43 6.61 3.3D 13{883.52 2.60 | 10.13 2.75 7.96 12.46 8.26 0.0951
50x20x2.0 | 50 20 2| 254 7.22 2.8p 16/871.66 1.66 | 8.08 2.12 4.62 7.29 5.48 0.1962
50x20x2.5 | 50| 20 2.5 3.09 8.45 3.38| 16.54 1.90 1.90 | 7.85 2.47 5.43 8.75 6.34 0.1840
50x25x2.0 | 50| 295 2| 2.74 8.37 3.3p 17{492.80 2.24| 10.11 2.18 7.03 12.78 7.82 0.1470
50x25x2.5 | 50| 295 2.% 3.34 9.86 3.94( 17.1B 3.26 260 | 9.87] 2.75 8.36 15.70 9.24 0.1406
50x25x3.0 | 50 25 3| 391 11.1% 446 16}873.63 290 | 9.64] 3.22 9.52 18.14 10.45 0.1343
50x30x1.5 | 50| 30 1.5 2.25 7.53 3.01| 18.2B 3.41 227 | 12.30 1.81 7.59 14.75 8.10 0.1124
50X30x2.0 | 50 30 2| 2.94 9.52 3.8l 18J004.28 2.85| 12.07 2.39 9.73 20.06 10.37 0.1080
50X30x3.0 | 50 30| 3| 4.2] 12.78 511 17{435.66 3.77 | 11.59 3.46 | 13.40 29.37 14.21 0.1005
50x30x4.0 | 50| 30 4| 5.3% 15.13 6.06 16}826.60 440 | 11.11 437 | 16.25 35.83 17.07 0.0924
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50x40x2.0 | 50 40 2| 3.34 11.82 4.78 18}828.37 4.18 | 15.84 2.67 15.82 40.55 16.13 0.0547
50x40x3.0 | 50| 40 3] 4.81 16.09 6.44 18{291.33 5.66 | 15.3% 3.93 [ 22.19 61.39 22.65 0.0534
50x40x4.0 | 50| 40 4| 6.1% 19.3¢ 7.76 17{733.56 6.78 | 14.8% 4.93 | 27.49 78.28 28.05 0.051§
60x25x2.0 | 60| 29 2| 3.14 13.34 4.46 20}633.33 2.66 [ 10.30 2.54 8.97 20.31 10.58 0.1615
60x30x2.0 | 60] 30 2| 3.34 15.03 5.0l 21}225.06 3.38 | 12.32 2.7 12.53 31.74 13.98 0.1264
60x30x2.5 | 60| 30 2.%4.09| 17.90 5.97| 20.92 5.97 3.98 | 12.08 3.29 15.06 39.70 16.73 0.1214
60x30x2.7 | 60 30 2.7 4.38| 18.95 6.32| 20.80 6.30 4.20 | 11.99 3.49 16.00 42.68 17.79 0.1198
60x30x3.0 | 60] 30 3] 4.81 20.44 6.8l 20}626.75 4.50 | 11.8% 3.93 17.34 46.89 19.17 0.1177
60x30x4.0 | 60] 30 4| 6.1% 24.56 8.10  19}997.95 5.30 | 11.37 5.16 | 21.14 58.10 23.05 0.1087
60x30x4.5 | 60 30 4.% 6.77 | 26.16 8.72| 19.6p6 8.38 5.59 | 11.13 5.31 | 22.66 61.89 24.49 0.1029
60x34x2.0 | 60| 34 2| 3.5( 16.37 546 21646.75 3.97 | 13.90 2.83 15.63 43.01 16.90 0.102§
60x34x2.5 | 60 34 2.%4.29 | 19.55 6.52| 21.3b 8.00 4.71 | 13.66 3.49 18.87 54.21 20.34 0.0993
60x34x3.0 | 60 34 3| 5.0% 22.39 7.46 21{069.10 5.35| 13.43 4.13 | 21.83 64.58 23.49 0.0967
60x40x2.0 | 60] 40 2| 3.74 18.39 6.13 22}189.81 491 | 16.21 3.02 | 20.65 63.74 21.59 0.073§
60x40x3.0 | 60 40 3| 5.41 25.31 8.44 21{633.38 6.69 | 15.78 4.4 29.12 97.29 30.41 0.0702
60x40x4.0 | 60 40 4| 6.9% 30.83 10.28 211046.15 8.08 | 15.2% 5.7 36.30 125.75 37.81 0.0668
60x40x5.0 | 60] 40 5| 8.3¢ 35.04 11.¢8 20,488.18 9.09 | 14.7% 6.73 [ 42.15 146.64 43.7( 0.063(
70x30x2.0 | 70 30 2| 3.74 22.20 6.34 24{375.85 3.90 [ 12.51 2.96 15.40 46.90 18.07 0.1373
70x30x3.0 | 70 30 3| 5.41 30.50 8.71  23{757.84 5.23 | 12.04 431 | 21.37 69.60 24.74 0.1274
70x35x3.0 | 70] 39 3| 5.71 33.87 9.68 24{3@1.28 6.45| 14.06 4.54 | 28.52 102.83 31.64 0.1037
70x40x2.0 | 70 40 2| 4.14 26.83 7.6b 25(441.26 5.63 | 16.50 3.3 25.67 93.65 27.72 0.08871
70x40x3.0 | 70 40 3| 6.01 37.28 10.64 24(905.44 7.72 | 16.03 4.87 | 36.31 143.53 39.08 0.0831
70x40x4.0 | 70| 40 4] 7.7% 4578 13.08 24|318.74 9.37 | 15.5% 6.33 [ 45.43 187.04 48.64 0.0791
70x40x5.0 | 70 40 5| 9.3¢ 525% 15.01 237@1.25 | 10.62| 15.0f 7.51 | 53.00 220.63 56.39 0.0741
70x50x2.0 | 70 50 2| 454 31.4% 8.99 26{338.74 7.49| 20.32 3.59 | 37.39 159.95 38.64 0.054]
70x50x3.0 | 70 50 3] 6.61 4397 12.%6 258@6.03 [ 10.41| 19.8p 5.25 | 53.43 249.02 55.24 0.0523
70x50x4.0 | 70 50 4| 85% 5449 15.%7 25282.06 | 12.82| 19.3y 6.82 | 67.62 331.47 69.89 0.05064
70x50x5.0 | 70| 50 5| 10.3p 63.11 | 18.03] 24.69 36.90 [ 14.76] 18.88 8.3 79.91 401.21 82.45 0.0488
70x50x6.0 | 70| 50 6] 12.0B8 69.94 | 19.98] 24.11 40.63 | 16.25[ 18.38 9.45 | 90.27 454.49 92.9( 0.0467
80x40x1.5 | 80 40 1.% 3.45| 28.98 7.24| 28.9/7 9.93 497 | 16.9¢ 2.74 | 23.75 95.23 26.64 0.1026
80x40x2.0 | 80 40 2| 454 37.33 9.38 28{682.70 6.35| 16.73 3.64 | 30.82 131.01 34.54 0.098¢
80x40x2.5 | 80| 40 2.5 559 45.05| 11.29 28.39 15.22 7.61| 16.50 4.53 | 37.47 166.65 41.84 0.0957
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80x40x3.0 | 80 40 3| 6.61 52.1¢ 13.04 28107.49 8.74 | 16.27 5.34 | 43.68 201.13 48.61 0.092¢
80x40x3.2 | 80| 40 3.2 7.01 | 54.84| 13.71 27.98 18.33 9.17 | 16.18 5.71 [ 46.05 214.41 51.29 0.091¢
80x40x4.0 | 80| 40 4] 8.5% 6459 16.15 27421.33 | 10.67[ 15.8D 6.96 | 54.79 263.44 60.5§ 0.087¢
80x40x5.0 | 80| 40 5| 10.3p 74.73 | 18.68| 26.86 24.31 | 12.15| 15.3 8.3 64.11 313.15 70.19 0.082¢
80x40x6.0 | 80| 40 6] 12.0B8 82.69 | 20.67| 26.22 26.48 | 13.24| 14.84 9.45 | 71.63 347.72 77.4( 0.0772
80x50x2.0 | 80| 50 2| 4.94 43.4]1 10.§5 29621.04 8.42 | 20.64 3.9 45.24 222.89 47.89 0.066(0
80x50x3.0 | 80 50 3| 7.21 61.0¢ 1526 291@9.35 | 11.74] 20.18 5.81 | 64.79 347.60 68.53 0.062§
80x50x4.0 | 80] 50 4] 9.3% 76.14 19.04 28|586.29 | 14.52 19.70 7.59 | 82.21 464.88 86.79 0.0602
80x50x5.0 | 80] 50 5] 11.36 88.79 | 22.20] 27.96 41.96 | 16.78] 19.2P 9.09 | 97.46 566.62 102.58 0.0577
80x50x6.0 | 80 50 6| 13.23 99.12 | 24.78[ 27.3f 46.44 | 18.58| 18.7810.39( 110.50 647.57 115.80 0.0551
80x60x2.0 | 80] 60 2| 5.34 4950 12.37 301431.85 | 10.62| 24.48 4.22 | 61.15 344.60 62.73 0.0416
80x60x3.0 | 80 60 3| 7.81 69.9% 1749 2993480 | 14.93| 23.96 6.28 | 88.12 541.92 90.5( 0.0404
80x60x4.0 | 80| 60 4| 10.15 87.70 | 21.92] 29.40 55.92 | 18.64| 23.48 8.21 | 112.59 733.48 115.68 0.0399
80x60x5.0 | 80| 60 5| 12.36102.86| 25.71] 28.8p 65.29 | 21.76] 22.99 9.87 | 134.51 907.42 138.16 0.0390
80x60x6.0 | 80 60 6| 14.43115.55| 28.89| 28.3p 73.01 | 24.34| 22.49 11.9 | 153.83 1055.29 157.84 0.0380
90x40x4.0 | 90 40 4| 9.3% 87.68 1949 30623.93 | 11.96/ 16.00 7.59 | 64.32 356.25 73.6( 0.094(
90x50x3.0 | 90] 50 3] 7.81 81.7% 18.17 321382.66 | 13.06] 20.4H 6.28 | 76.44 466.97 83.07 0.071(
90x50x4.0 | 90 50 4| 10.15102.47| 22.77( 31.78 40.52 | 16.21| 19.98 8.21 | 97.17 626.31 105.1P 0.0678%
90x50x5.0 | 90 50 5| 12.36120.16| 26.70[ 31.1P 47.02 | 18.81] 19.51 9.87 | 115.44 767.02 124.40 0.0649
90x50x6.0 | 90| 50 6] 14.43134.92| 29.98] 30.58 52.25 [ 20.90| 19.0811.33| 131.22 882.13 140.54 0.0619
100x40x2.0| 100 40| 2 | 5.34| 65.34| 13.0f 34.9915.59 7.79 | 17.09 4.27 | 41.40 230.96 50.13 0.1101]
100x40x3.0| 100 40| 3 | 7.81| 92.23| 18.4% 34.3721.60 | 10.80| 16.68 6.28 | 58.82 354.52 70.54 0.1034
100x40x4.0 | 109 40 | 4 | 10.15 115.45| 23.09| 33.78 26.52 | 13.26] 16.1y 8.21 | 73.99 466.77 87.7] 0.098]
100x40x5.0 | 100 40 | 5 | 12.36 135.13| 27.03] 33.0f 30.43 | 15.22| 15.69 9.87 | 86.90 559.91 101.4p 0.0930
100x50x2.0| 100 50 | 2 [ 5.74] 74.95| 14.99 36.1425.65 | 10.26( 21.14 4.45 | 61.51 390.41 68.99 0.0811
100x50x2.5| 109 50 | 2.5| 7.09 | 91.14| 18.23 35.86 31.01 | 12.40] 20.91 5.69 | 75.25 499.77 84.271 0.0791
100x50x3.0| 100 50 | 3 [ 8.41| 106.34 21.2Y 35.635.97 | 14.39| 20.68 6.75 | 88.32 608.77 98.74 0.077]
100x50x4.0 | 100 50 | 4 | 10.95 133.88| 26.78] 34.9V 44.75 | 17.90| 20.2P 8.84 | 112.41 817.89 125.0// 0.073%
100x50x5.0 | 109 50 | 5 | 13.36 157.70| 31.54f 34.3p 52.09 | 20.83] 19.7510.65| 133.77 1004.95 147.91 0.0708
100x50x6.0 | 100 50 | 6 | 15.63 177.94| 35.59] 33.7¢ 58.06 | 23.22| 19.2Y 12.51| 152.33 1161.07 167.13 0.067P
100x50x8.0 | 100 50 | 8 [ 19.79 208.23| 41.65] 32.4f4 66.28 | 26.51| 18.30 15.54| 180.97 1362.31 194.33 0.059b
100x60x2.0| 100 60 | 2 | 6.14| 84.55| 16.91 37.1238.57 | 12.86] 25.0Y 4.84 | 84.00 600.30 89.77 0.058¢
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100x60x2.5| 100 60 | 2.5 7.59 | 103.02] 20.6Q 36.94 46.83 | 15.61| 24.84 6 103.10 771.43 110.10 0.0574
100x60x3.0| 100 60 | 3 | 9.01| 120.49 24.09 36.5754.55 | 18.18| 24.6]1 7.22 | 121.41 944.15 129.60D 0.0562
100x60x4.0 | 109 60 | 4 | 11.75 152.31| 30.46| 36.01 68.46 | 22.82| 24.14 9.47 | 155.65 1283.53 165.93 0.0540
100x60x5.0 | 100 60 | 5 | 14.36 180.26| 36.05] 35.444 80.42 | 26.81| 23.6f 11.44| 186.68 1599.88 198.97 0.0521
100x60x6.0 | 109 60 | 6 | 16.83 204.44| 40.89| 34.8p 90.51 | 30.17| 23.1913.21| 214.43 1879.39 227.39 0.0508
100x60x8.0 | 109 60 | 8 | 21.39 242.09| 48.42| 33.64 105.54 | 35.18| 22.2]116.79| 259.93 2293.24 273.19 0.046
100x80x3.0 | 100 80 | 3 | 10.21 148.68 | 29.74] 38.1p 105.52| 26.38| 32.1p 8.17 | 195.82 1886.54 199.48 0.027%
100x80x4.0 | 109 80| 4 | 13.35 189.18| 37.84| 37.6p 133.90| 33.48] 31.6Y10.73| 253.08 2595.15 258.10 0.0271
100x80x5.0 | 109 80 | 5 | 16.36 225.38| 45.08| 37.1P 159.11| 39.78] 31.1912.84| 306.20 3284.56 312.47 0.0279
100x80x6.0 | 100 80 | 6 | 19.23 257.46| 51.49] 36.5p 181.26| 45.32] 30.7p 15.1 | 355.09 3929.13 362.45 0.026Y
100x80x8.0 | 100 80 | 8 | 24.59 309.80| 61.96| 35.5D 216.94| 54.23] 29.7D 22.9 | 439.90 5009.66 448.74 0.0259
120x40x3.0 | 120 40| 3 [ 9.01| 14791 24.6% 40.%225.70 | 12.85| 16.89 7.22 | 74.29 565.68 96.10 0.1076
120x40x4.0 | 120 40| 4 | 11.75 186.60| 31.10] 39.8p 31.70 | 15.85| 16.48 9.47 | 93.61 746.09 119.1f 0.1022
120x50x3.0| 12 50| 3 | 9.61| 168.44 28.0f 41.8742.60 | 17.04] 21.06 7.7 112.59 966.31 133.7) 0.0846
120x50x4.0 | 120 50 | 4 | 12.55 213.51| 35.58| 41.2p 53.22 | 21.29| 20.5910.19| 143.55 1299.96 169.30 0.0808
120x50x5.0 | 120 50 | 5 | 15.36) 253.31| 42.22| 40.6P 62.21 | 24.88] 20.1812.22| 171.16 1603.52 200.03 0.0778
120x60x3.0 | 120 60 | 3 | 10.21) 188.98| 31.50| 43.08 64.30 | 21.43] 25.10 8.17 | 156.03 1492.31 174.75 0.0659
120x60x4.0 | 120 60 | 4 | 13.35 240.42| 40.07] 42.44 81.01 | 27.00| 24.6410.73| 200.42 2031.13 223.12 0.063P
120x60x5.0 | 120 60 | 5 | 16.36 286.37| 47.73] 41.84 95.54 | 31.85| 24.1Y 12.84| 240.88 2540.74 267.16 0.0608
120x60x6.0 | 120 60 | 6 | 19.23 327.00| 54.50| 41.24 108.01 | 36.00] 23.7p 15.1 | 277.38 3000.76 306.7]1 0.0586
120x60x7.0| 120 60 | 7 | 21.98 362.47| 60.41] 40.6] 118.51| 39.50| 23.2P17.58| 309.86 3396.45 340.44 0.0564
120x60x8.0 | 120 60 | 8 | 24.59 392.96| 65.49] 39.98 127.17| 42.39] 22.74 19.3 | 338.28 3718.14 368.84 0.0541
120x80x3.0| 120 80 | 3 | 11.41 230.05| 38.34| 44.91 123.31| 30.83] 32.88 9.11 | 255.14 2961.51 266.64 0.0380
120x80x4.0 | 120 80 | 4 | 14.95 294.24 | 49.04] 44.3F 157.01| 39.25] 32.4111.98| 330.45 4079.20 345.42 0.0369
120x80x5.0 | 120 80| 5 | 18.36 352.50| 58.75] 43.8P 187.23| 46.81] 31.9414.42| 400.75 5179.94 418.90 0.036p
120x80x6.0 | 120 80| 6 | 21.63 404.98| 67.50| 43.2} 214.12| 53.53] 31.4516.98| 465.96 6226.83 486.41 0.035]
120x80x8.0 | 120 80 | 8 | 27.79 493.32| 82.22| 42.18258.41| 64.60] 30.4p21.82| 580.80 8047.97 604.91 0.033#
120x80x10.0] 12( 80 | 10| 33.42 560.65| 93.44| 40.9p290.94 | 72.74] 29.5126.24| 674.42 9385.18 699.27 0.031p
120x100x3.0] 120100 3 | 12.61] 271.11| 45.19] 46.3F 205.14| 41.03] 40.3410.05| 366.64 5055.44 371.78 0.019y
120x100x4.0] 120100 4 | 16.55| 348.07| 58.01] 45.86 262.90| 52.58[ 39.8512.99| 476.98 6997.94 484.26 0.020p
120x100x5.0] 120100 5 | 20.36| 418.62| 69.77| 45.3p 315.63| 63.13| 39.3815.99| 581.19 8949.01 590.63 0.0201
120x100x6.0] 120100 6 | 24.03| 482.95| 80.49] 44.88 363.49 | 72.70] 38.8p18.87| 679.18| 10852.13 690.49 0.0201L
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140x40x3.0 | 140 40 | 3 | 10.21 221.61| 31.66] 46.5p 29.81 | 14.91] 17.09 8.08 | 90.00 842.83 125.28 0.1081
140X40X4.0| 14Q 40| 4 [ 13.35 281.24| 40.18] 45.9D 36.89 | 18.44| 16.62 10.59| 113.49 1111.79 154.97 0.103
140X40X5.0( 14Q 40| 5 [ 16.36 334.07| 47.72] 45.2D 42.68 | 21.34] 16.1613.01| 133.73 1343.19 178.34 0.098
140X60X3.0( 140 60 | 3 | 11.41 277.92| 39.70[ 49.3p 74.05 | 24.68] 25.48 8.96 [ 191.58 2205.89 225.94 0.071
140X60X4.0( 140 60 | 4 [ 14.95 355.22| 50.75] 48.7p 93.55 | 31.18| 25.0211.84| 246.34 3001.40 289.06 0.068
140X60X5.0( 1490 60| 5 [ 18.36 425.19| 60.74] 48.13 110.67| 36.89| 24.5p14.42| 296.46 3760.24 345.74 0.066
140X60X6.0( 140 60 | 6 | 21.63 488.02| 69.72| 47.50 125.50| 41.83] 24.0p17.22( 341.88 4454.40 395.90 0.063
140X70X3.0( 149 70| 3 [ 12.01 306.07| 43.72] 50.4P 104.57| 29.88] 29.5] 9.43 | 251.64 3174.17 282.13 0.057
140X70X4.0( 14Q 70| 4 [ 15.75 392.22| 56.03] 49.9]1 132.90| 37.97| 29.0p12.47| 325.19 4350.45 363.73 0.055
140X70X5.0( 140 70| 5 | 19.36| 470.75| 67.25 49.3P 158.17| 45.19] 28.5p 15.2 [ 393.46 5498.96 438.73 0.053
140X70X6.0( 149 70| 6 | 22.83 541.89| 77.41] 48.7P 180.53| 51.58| 28.1217.85| 456.37 6581.19 506.95 0.051
140X70X8.0( 140 70| 8 | 29.39 662.71| 94.67| 47.4P 216.99| 62.00] 27.1}y23.07[ 565.91 8433.02 622.38 0.048
140X70X10.0/ 140| 70 | 10| 35.42 756.26 [ 108.04 46.21| 243.29 | 69.51] 26.2127.81| 653.40 9750.16 708.88 0.045
140X80X3.0| 14Q 80| 3 [ 12.61 334.22| 47.75] 51.4p 141.10| 35.27| 33.4p10.05| 316.70 4352.37 342.24 0.045
140X80X4.0( 140 80 | 4 | 16.55 429.21| 61.32| 50.98 180.11| 45.03] 32.9p 13.1 [ 410.73 5993.66 443.48 0.0441
140X80X5.0( 140 80 | 5 | 20.36] 516.32| 73.76] 50.3p 215.36| 53.84| 32.5815.99( 498.84 7621.52 537.92 0.043
140X80X6.0| 140 80| 6 [ 24.03 595.75| 85.11] 49.7p 246.97| 61.74] 32.0618.87| 580.95 9186.00 625.34 0.041
140X80X7.0( 140 80| 7 | 27.58 667.72| 95.39| 49.2]1 275.10| 68.78] 31.5p21.98| 656.98] 10646.39 705.98 0.040
140X80X8.0( 140 80| 8 | 30.99 732.41[ 104.63 48.62| 299.88| 74.97] 31.1] 24.9 [ 726.87| 11970.52 778.45 0.039
140X80X10.0) 140 80 | 10| 37.42 840.76 [ 120.1147.40( 339.94| 84.99] 30.1429.38| 847.95] 14120.34 901.35 0.037
150X40X4.0( 150 40 | 4 | 14.15 338.37| 45.12| 48.91 39.48 | 19.74] 16.7011.11( 123.51 1330.26 174.90 0.102
150X50X3.0( 150 50 | 3 | 11.41 298.38| 39.78| 51.14 52.54 | 21.02] 21.46 9.01 [ 149.88 1712.31 195.41 0.089
150X50X4.0( 159 50 | 4 [ 14.95 381.00| 50.80] 50.4p 65.91 | 26.37| 21.0011.98| 191.35 2302.06 246.79 0.085
150X50X5.0( 150 50 | 5 | 18.36| 455.56 | 60.74| 49.82 77.40 | 30.96| 20.58 14.58( 228.53 2846.11 290.94 0.081
150X75X5.0( 150 75| 5 | 20.86] 586.96 | 78.26| 53.0p 197.77| 52.74] 30.7p16.78[ 489.30 7748.16 546.20 0.050
150X75X6.0| 15Q 75| 6 [ 24.63 677.76| 90.37| 52.4p 226.57| 60.42| 30.3819.34| 569.10 9316.33 633.19 0.049
150X100X3.0/ 150| 100| 3 | 14.41] 460.45| 61.39] 56.58 247.48 | 49.50| 41.44 11.5 | 506.78 8778.01 529.46 0.031
150X100X4.0[ 150| 100| 4 | 18.95| 594.16 [ 79.22| 56.0D 318.20| 63.64] 40.9814.98| 660.64| 12147.41 690.48 0.030
150X100X5.0/ 150 100| 5 | 23.36] 718.37 | 95.78[ 55.4p 383.32| 76.66/ 40.5118.34| 806.77| 15560.94 843.31 0.029
150X100X6.0/ 150| 100| 6 | 27.63| 833.28 [ 111.1( 54.92| 443.02| 88.60] 40.0421.69( 945.07| 18932.4 987.11 0.028
150X100X7.0[ 150| 100| 7 | 31.78| 939.12 [ 125.22 54.36| 497.45| 99.49] 39.5f 25.9 | 107/5.43 22188.50 | 1123.46 0.0284

150X100X8.0) 150 100| 8 | 35.79] 1036.11{ 138.15| 53.81| 546.79 | 109.36 39.09| 27.98| 1197.74 25267.31 | 1250.3% 0.0278
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150X100X10.0150| 100| 10 | 43.42| 1204.39| 160.58| 52.67( 630.88 [ 126.1§ 38.12| 35.7 | 1417.9§ 30700.57 | 1476.88 0.0267
160X80X3.0( 160 80 | 3 | 13.81 463.62| 57.95] 57.9p 158.88| 39.72| 33.92 10.9 | 379.93 6094.67 426.29 0.0513
160X80X4.0( 16Q 80| 4 [ 18.15 597.27| 74.66] 57.3) 203.22| 50.80] 33.4514.35| 493.15 8384.75 552.29 0.049%
160X80X5.0( 160 80 | 5 | 22.36| 720.85| 90.11| 56.7P 243.48| 60.87] 33.0p17.55[ 599.50] 10665.5 669.§2 0.047P
160X80X6.0( 160 80| 6 [ 26.43 834.60| 104.3256.19| 279.83| 69.96| 32.5420.75| 698.92| 12872.35 778.64 0.046p
160X80X8.0( 160 80 | 8 [ 34.19 1033.48| 129.18| 54.98| 341.35| 85.34| 31.6D26.84| 876.64] 16860.23 969.36 0.043pP
160X80X10.0{ 160| 80 | 10| 41.42 1195.72[ 149.46| 53.73| 388.94 | 97.24] 30.6432.52| 1025.832 20041.52 | 1122.9y 0.0415
160x90x3.0| 160 90 | 3 | 14.41) 500.59 | 62.57| 58.94 206.64 | 45.92| 37.8Y11.31| 464.98 8041.03 504.491 0.0420
160x90x4.0 | 160 90 | 4 | 18.95 645.94( 80.74] 58.3p 265.19| 58.93] 37.4114.87| 605.17] 11098.33 656.30 0.040p
160x90x5.0 | 160 90 | 5 | 23.36 780.91| 97.61] 57.8P 318.84| 70.85] 36.9p18.33| 737.78| 14176.3Q 799.47 0.039¢
160x90x6.0 | 160 90 | 6 | 27.63 905.74 | 113.23 57.25| 367.77| 81.73] 36.4821.69| 862.73] 17194.5§ 933.30 0.038¢
160x90x7.0| 160 90 | 7 | 31.78 1020.66| 127.58| 56.68| 412.12 | 91.58| 36.0124.95| 979.92| 20085.21 1058.[L5 0.0374
160x90x8.0 | 160 90 | 8 [ 35.79 1125.90| 140.74| 56.09( 452.05| 100.4¢ 35.54| 28.1 | 1089.24 22791.89 | 1173.62 0.0365
160x90x10.0] 160 90 | 10| 43.42 1308.22| 163.53| 54.89| 519.31 | 115.4( 34.58| 34.09| 1284.14 27481.94 | 1375.70 0.0348
180x80x3.0| 180 80 | 3 | 15.01 620.63| 68.96] 64.3] 176.67 | 44.17| 34.3111.89| 444.43 8224.00 518.797 0.0548
180x80x4.0| 180 80| 4 | 19.75 801.62| 89.07] 63.7]l 226.32| 56.58| 33.8p15.61| 577.18[ 11298.6§ 671.§4 0.052P
180x80x4.5| 180 80 | 4.5| 22.07| 887.40 | 98.60[ 63.4[L 249.50| 62.37] 33.6R17.33| 640.63] 12839.54 744.49 0.052p
180x80x5.0 | 180 80 | 5 | 24.36 970.09| 107.7963.11| 271.61| 67.90] 33.3p19.12| 702.11f 14368.30Q 814.51 0.051p
180x80x6.0 | 180 80 | 6 | 28.83 1126.30| 125.14| 62.50( 312.69| 78.17| 32.9822.39| 819.12 17351.60 946.52 0.049)
180x80x7.0| 180 80 | 7 | 33.18 1270.49| 141.17| 61.88| 349.71| 87.43] 32.4y26.38| 928.17| 20180.64 1067.53 0.0483
180x80x8.0 | 180 80 | 8 [ 37.39 1402.93| 155.88| 61.26( 382.82 | 95.71| 32.0p28.92| 1029.1§ 22800.11 | 1177.64 0.0470
180x100x4.0] 180100 4 [ 21.35| 925.52| 102.84 65.85| 373.50 | 74.70| 41.8816.65| 852.73] 19156.84 928.07 0.037p
180x100x5.0] 18(100| 5 | 26.36| 1123.22| 124.80| 65.28| 451.01 [ 90.20] 41.3) 20.52| 1042.63 24537.18 | 1133.7p 0.0364
180x100x6.0] 180100 6 [ 31.23]| 1307.95] 145.33| 64.71| 522.54 | 104.51 40.90| 24.28| 1222.9§ 29885.89 | 1328.3]1 0.0355
180x100x8.0] 18(0 100 8 [ 40.59| 1639.60] 182.18| 63.56| 648.36 | 129.64 39.97| 31.43| 1554.68 40083.98 | 1683.08 0.0339
180x100x10.9 180| 100| 10 | 49.42| 1922.51| 213.61| 62.37| 752.38 | 150.48 39.02| 38.12| 1847.0§ 49089.20 | 1990.38 0.0324
180x120x4.0] 180120 4 [ 22.95]| 1049.43] 116.60| 67.63| 563.36 | 93.89| 49.5518.01| 1158.971 29532.56 | 1211.04 0.0256
180x120x5.0] 180120 5 [ 28.36| 1276.34| 141.82| 67.09| 683.12 | 113.8% 49.08| 22.26| 1421.52 37969.04 | 1485.78 0.0251
180x120x6.0] 180120 6 | 33.63| 1489.61| 165.51| 66.55| 794.86 [ 132.4§ 48.62| 26.4 | 1672.91 46464.65 | 1748.68 0.0246
180x120x8.0] 180120 8 [ 43.79| 1876.27) 208.47| 65.46| 995.08 | 165.89 47.67| 34.38| 2141.73% 63064.08 | 2237.79 0.0238
200x40x3.0 [ 200 40 | 3 | 13.81] 574.80| 57.48| 64.5P 42.13 | 21.07| 17.4Y10.84( 137.86 2152.31 234.97 0.1018
200x40x4.0 [ 200 40 | 4 | 18.15 738.14| 73.81] 63.78 52.44 | 26.22| 17.0014.25| 174.05 2830.76 288.44 0.0978
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200x40x5.0 [ 200 40 | 5 | 22.36| 887.79| 88.78| 63.0p 61.06 | 30.53| 16.5817.55( 205.42 3426.26 329.56 0.093p
200x80x3.0 [ 200 80 | 3 | 16.21] 807.65| 80.77] 70.5P 194.46| 48.61| 34.64412.72| 509.91) 10775.94 619.10 0.0571L
200X80X4.0| 200 80 [ 4 | 21.35 1045.46| 104.55| 69.98| 249.42 | 62.36] 34.1816.76| 662.48| 14781.64 802.13 0.055pD
200X80X5.0] 200 80 [ 5 [ 26.36 1268.04] 126.80| 69.36| 299.73 | 74.93| 33.7220.69| 806.22] 18785.99 971.98 0.053B
200X80X6.0| 200 80 | 6 | 31.23 1475.66| 147.57| 68.74| 345.54 | 86.39| 33.2p24.52| 941.06] 22689.45 1128.p6 0.0518
200X80X8.0| 200 80 [ 8 | 40.59 1847.15| 184.72| 67.46| 424.30 | 106.09 32.33| 31.86| 1183.82 29873.04 | 1403.28 0.0491
200X100X4.0 200{ 100| 4 | 22.95( 1199.13| 119.91 72.29] 410.36| 82.07] 42.2p18.12[ 984.18] 24985.99 1103.89 0.0407
200X100X5.0{ 200 100| 5 | 28.36| 1458.17| 145.82| 71.71| 496.13 | 99.23| 41.8822.26( 1203.97 31985.30 | 1348.36 0.0396
200X100X6.0{ 200 100| 6 | 33.63| 1701.48| 170.15| 71.13| 575.56| 115.1141.37| 26.4 [ 1413.04 38961.08 | 1579.60 0.0385
200X100X8.0] 200{ 100| 8 | 43.79( 2142.07| 214.21| 69.94| 716.07 | 143.21 40.44| 34.38| 1798.64 52345.27 | 2001.19 0.0368
200X100X10.0200( 100| 10 | 53.42] 2523.14{ 252.31| 68.73| 833.38 | 166.6§ 39.50| 41.5 | 2140.2 64316.77 | 2366.59 0.0352
200X100X12.0200| 100| 12 | 62.52| 2846.96[ 284.70| 67.48| 928.92 | 185.7§ 38.54| 48.5 | 2437.24 74308.32 | 2674.01 0.0336
200X120X4.0[ 200{ 120| 4 | 24.55| 1352.79| 135.28| 74.24| 617.19| 102.86 50.14( 19.38( 1344.00 38419.37 | 1435.59 0.0294
200X120X5.0{ 200| 120| 5 | 30.36| 1648.29| 164.83| 73.69| 749.25| 124.81 49.68| 23.83 | 1649.53 49371.23 | 1761.54 0.0287
200X120X6.0[ 200 120| 6 | 36.03| 1927.30] 192.73| 73.14| 872.83 | 145.471 49.22| 28.29( 1942.4§ 60425.37 | 2073.6]1 0.0281
200X120X8.0] 200{ 120| 8 | 46.99( 2436.98| 243.70( 72.02] 1095.43| 182.57| 48.28| 36.89 [ 2490.39 82145.61 | 2654.8Y 0.0270
200X120X10.0200( 120| 10 | 57.42) 2884.14{ 288.41| 70.87| 1286.65| 214.44| 47.34| 44.7 | 2986.83 102392.63| 3177.1p 0.0260
200X150X5.0[ 200{ 150| 5 | 33.36( 1933.48| 193.35| 76.14| 1243.99| 165.87| 61.07| 26.1 | 2388.64 84131.84 | 2450.2¢ 0.0166
200X150X6.0] 200{ 150| 6 | 39.63| 2266.02| 226.60( 75.62] 1455.36| 194.05| 60.60| 31 [ 2821.53 103345.99| 2895.94 0.0165
200X150X8.0[ 200| 150| 8 | 51.79| 2879.35| 287.93| 74.56| 1842.67| 245.69| 59.65| 40.4 | 3641.04 141876.57| 3739.96 0.0162
200X150X10.0200| 150| 10 | 63.42| 3425.64{ 342.56| 73.50| 2184.39| 291.25| 58.69( 49.4 | 4398.0Q 17/9073.02| 4518.74 0.0160
200X150X12.0200| 150| 12 | 74.52| 3907.28[ 390.73| 72.41| 2482.48| 331.00| 57.72| 57.9 | 5091.14 213498.63| 5229.9p 0.0157
220X80X5.0| 220 80 | 5 | 28.36] 1618.70| 147.15| 75.56| 327.86 | 81.96] 34.0D 22.2 | 911.51| 23974.89 1142.23 0.0546
220X80X6.0| 220 80 | 6 [ 33.63 1887.49| 171.59| 74.92| 378.40 | 94.60[ 33.54 26.3 | 1064.34 28951.62 | 1325.9y 0.0531
220X80X8.0| 220 80 | 8 [ 43.79 2372.56| 215.69| 7/3.61| 465.77 | 116.44 32.61| 34.1 | 1340.1Q 38161.98 | 1646.30 0.0504
220X80X10.0{ 220| 80 | 10| 53.42 2789.62| 253.60| 72.26| 535.94 | 133.99 31.67| 41.5 [ 1575.73 45901.47 | 1902.0y 0.0478
220X120X5.0[ 220{ 120| 5 | 32.36( 2080.95| 189.18[ 80.20| 815.37| 135.90 50.20| 25.57| 1882.0% 62696.79 | 2058.0y 0.0316
220x120x6.0] 220120 6 | 38.43| 2437.05( 221.55| 79.63| 950.81 | 158.47 49.74| 29.98| 2217.34 76721.04 | 2422.70 0.0308
220x120x8.0] 22(0120| 8 | 50.19| 3091.66( 281.06{ 78.49| 1195.78| 199.30| 48.81] 39 | 2845.7 104388.23| 3102.13 0.0296
220x120x10.0 220] 120| 10 | 61.42] 3671.62| 333.78| 77.32| 1407.65| 234.61| 47.87| 47.8 | 3417.1§ 130391.98| 3713.06 0.0285
250x50x5.0 [ 250 50 | 5 | 28.36| 1802.09| 144.17| 79.72| 128.02| 51.21] 21.2p 22.2 | 424.92| 10798.50 704.21 0.0778
250x50x6.0 [ 250 50 | 6 | 33.63 2097.03| 167.76| 78.96| 145.18| 58.07| 20.78 26.3 | 487.14] 12645.5§ 787.01 0.075p

81



NI

250x50x8.0 [ 250 50 | 8 | 43.79 2624.10] 209.93| 77.41| 172.12| 68.85] 19.88 34.1 [ 589.33] 15572.51 892.15 0.070
250x100x4.0] 25(0100| 4 | 26.95| 2090.93| 167.27{ 88.09| 502.52 | 100.50 43.18] 21.26| 1321.1]1 44143.10 | 1604.44 0.0453
250x100x5.0] 25(0100| 5 | 33.36| 2552.40( 204.19( 87.48| 608.95| 121.7942.73] 26.1 | 1617.3§ 56387.49 | 1958.38 0.0440
250x100x6.0] 250100| 6 | 39.63] 2990.07( 239.21| 86.86| 708.10 | 141.62 42.27| 31 | 1899.8 68627.33 | 2292.5p 0.0429
250x100x8.0] 250100 8 | 51.79| 3795.38| 303.63| 85.61| 885.35| 177.07141.35] 40.4 | 2423.04 92328.21 | 2900.60 0.0410
250x100x10.9 250| 100| 10 | 63.42| 4509.65| 360.77| 84.33| 1035.88( 207.18| 40.41| 49.4 | 2890.1§ 113956.59| 3425.9p 0.0392
250x100x12.0 250] 100| 12 [ 74.52] 5135.65| 410.85| 83.01| 1161.24{ 232.25| 39.47| 57.9 | 3300.71 132584.90| 3866.3p 0.0376
250x150x5.0] 25(0150| 5 | 38.36| 3302.72| 264.22( 92.79| 1506.81| 200.91]| 62.68] 30 | 3281.43 146558.27| 3504.8p 0.0235
250x150x6.0] 25(0150| 6 | 45.63| 3883.11| 310.65[ 92.25| 1766.40| 235.52| 62.22]| 35.82| 3880.44 179926.19| 4144.1p 0.0231
250x150x8.0] 250150 8 | 59.79| 4966.66( 397.33| 91.14| 2245.95| 299.46| 61.29| 46.94| 5019.8¢ 24/325.44| 5357.6]L 0.0223
250x150x10.9 250| 150( 10 | 73.42| 5949.65| 475.97| 90.02| 2674.39| 356.58| 60.35| 57.2 | 6080.04 313360.65| 6481.63 0.0216
250x150x12.0 250] 150| 12 [ 86.52| 6834.97| 546.80| 88.88| 3053.80[ 407.17| 59.41| 67.3 | 7059.84 375777.02| 7513.3 0.0210
250x150x14.0 250] 150| 14 [ 99.10] 7625.47] 610.04| 87.72| 3386.27| 451.50| 58.45| 77 | 7958.03 432791.35( 8450.3Dp 0.0204
260x140x6.0] 26(0140| 6 | 45.63]| 4079.02| 313.77{ 94.55| 1565.38| 223.63| 58.57| 35.57| 3640.81 168520.26| 3994.9 0.0273
260x140x8.0] 26(0140| 8 | 59.79| 5216.59( 401.28| 93.41| 1986.94| 283.85| 57.65| 46.94| 4702.5]1 231035.48| 5150.9p 0.0262
260x140x10.0 260| 140| 10 | 73.42] 6248.08] 480.62| 92.25| 2361.76| 337.39| 56.72| 57.2 | 5686.24 291872.02| 6213.7P 0.0253
260x140x12.0 260| 140( 12 | 86.52| 7176.46| 552.04| 91.07| 2691.87| 384.55| 55.78| 67.3 | 6590.94 348905.44| 7180.38 0.0245
260x140x14.0 260| 140| 14 [ 99.10] 8004.68| 615.74| 89.87| 2979.24{ 425.61| 54.83| 77 | 7415.60 400479.24| 8048.4)L 0.0238
260x180x6.0] 26(0180| 6 | 50.43| 4853.22( 373.32] 98.10| 2761.20| 306.80| 73.99| 39.59| 5559.8(0 306279.04| 5771.28 0.0161
260x180x8.0] 26(0180| 8 | 66.19] 6232.66| 479.44( 97.04| 3532.98| 392.55| 73.06| 51.9 | 7224.84 423179.77| 7503.4f 0.0157
260x180x10.0 260| 180| 10 | 81.42] 7498.08| 576.78| 95.96( 4234.51| 470.50| 72.12| 63.5 | 8793.14 5400/71.77( 9133.7p 0.0154
260x180x12.0 260] 180| 12 [ 96.12] 8652.56| 665.58| 94.88| 4868.23| 540.91| 71.17| 74.9 | 10263.1p 653495.40| 10658.92 0.0150
260x180x14.0 260| 180( 14 | 110.30 9699.13| 746.09| 93.77| 5436.54( 604.06| 70.20| 85.8 | 11633.4B8 760587.74| 12075.92 0.0148
300x50x5.0 [ 300 50 | 5 | 33.36| 2975.76| 198.38| 94.45| 153.34| 61.33] 21.44 26.1 | 524.49| 17/542.53 974.45 0.073
300x50x6.0 [ 300 50 | 6 | 39.63 3477.51| 231.83| 93.67| 174.22| 69.69] 20.9f 31 601.50( 20532.00f 1085.77 0.0712
300x50x8.0 [ 300 50 | 8 | 51.79 4390.78| 292.72| 92.08| 207.40| 82.96| 20.0f 40.4 [ 728.54] 25339.51 1221.88 0.0671
300x100x5.0f 300100| 5 | 38.36| 4063.58( 270.91|102.93 721.76 | 144.3543.38| 30 | 2040.6§ 901/7.64 | 2673.20 0.0456
300x100x6.0[ 300100| 6 | 45.63| 4774.05( 318.27|102.29 840.64 | 168.13 42.92( 35.82| 2398.0% 109587.95| 3126.5) 0.0445
300x100x8.0] 30(0100| 8 [ 59.79| 6096.06| 406.40{100.9§ 1054.63] 210.93| 42.00| 46.94 | 3061.60 147332.14| 3948.5f 0.0426
300x100x10.0 300 100| 10 | 73.42] 7288.91) 485.93| 99.64| 1238.38| 247.68| 41.07| 57.2 | 3656.4§ 182151.30( 4655.0Dp 0.0409
300x100x12.0 300 100| 12 [ 86.52| 8355.89| 557.06| 98.27| 1393.56| 278.71| 40.13| 67.3 | 4182.44 212679.45| 5243.08 0.0393
300x150x5.0] 300150| 5 [ 43.36| 5151.39| 343.43]/109.0Q 1769.62| 235.95| 63.89| 33.93| 4210.74 232125.56| 4726.8p 0.0277
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300x150x6.0

30(

D150

51.63

6070.59

404.71

108.43

2077.44

276.99

63.43

40.52

4982.4]

| 284606.00

5588.4

0.0272

300x150x8.0

30(

D150

67.79

7801.34

520.09

107.28

2649.23

353.23

62.51

53.4

6453.96

390925.13

7223.8

0.0261

300x150x10.(

300

150

10

83.42

9391.41

626.09

106.1G

3164.39

421.92

61.59

65.1

7828.79

495882.55

8739.1

0.0253

300x150x12.(

300

150

12

98.52

10844.21

722.95

104.91

3625.12

483.35

60.66

76.8

9105.61

596245.36

10131.4

0.0245

300x150x14.¢

300

150

14

113.1(¢

)12163.12

810.87

103.7(G

4033.63

537.82

59.72

88

10283.4

B 689396.78

11396.4

0.0238

300x200x5.0

30(

D200

48.36

6239.20

415.95

113.59

3359.42

335.94

83.35

37.79

6831.89

) 456983.94

7135.4

0.0157

300x200x6.0

30(

D200

57.63

7367.13

491.14

113.06

3959.64

395.96

82.89

45.24

8108.57

} 561792.91

8471.3

0.0155

300x200x8.0

30(

D200

75.79

9506.62

633.77

112.0G

5091.19

509.12

81.96

59.5

10570.1

B 777434.48

11047.4

0.0151

300x200x10.(

300

200

10

93.42

11493.91

766.26

110.97

6133.14

613.31

81.03

72.9

12908.2

6 995898.72

13492.9

0.0148

300x200x12.(

300

200

12

110.57

113332.53

888.84

109.83

7088.24

708.82

80.08

86.2

15121.0

b1211677.11

15803.33

0.0145

300x200x14.0

300

200

14

127.1(

)15025.9§

$1001.79

108.73

7959.19

795.92

79.13

99

17206.9

1 1420064.1§

17975.24

0.0142

300x200x16.(

300

200

16

143.14

$16577.7

)1105.18

107.61

8748.69

874.87

78.18

117

19164.2

51617107.66

20005.53

0.0139

350x150x6.0

35(

D150

57.63

8903.45

508.77

124.29

2388.48

318.46

64.38

45.1

6113.99

421273.43

1228.7

0.0295

350x150x8.0

35(

D150

75.79

11483.31

[ 656.19

123.09

3052.51

407.00

63.46

59.2

7925.89

577716.64

9338.5

0.0284

350x150x10.(

350

150

10

93.42

13875.92

 792.91

121.87

3654.39

487.25

62.54

72.9

9622.68

732763.71

11291.3

0.0275

350x150x12.(

350

150

12

110.57

116085.0]

1 919.14

120.64

4196.44

559.53

61.62

86.2

11203.4

D 882045.16

13082.9

0.0266

350x150x14.(

350

150

14

127.1(

01811459

)1035.12

119.3§

4680.99

624.13

60.69

99

12667.0

D1021969.46

14710.11

0.0259

350x250x6.0

35(

) 250

69.63

12453.53

p 711.63

133.73

7455.27

596.42

103.471

54.5

14545.6

81401552.75

15011.22

0.0112

350x250x8.0

35(

) 250

91.79

16161.93

p 923.54

132.69

9651.78

772.14

102.54

71.8

19047.2

51942549.49

19671.29

0.0110

350x250x10.(

350

250

10

113.42

119655.94

11123.2(

131.64

11709.61

b 936.77

101.61

88.6

23371.6

D2499157.3]

24150.44

0.0108

350x250x12.(

350

250

12

134.57

122939.69

)1310.84

130.58

13632.21

»1090.568

100.67

105

27516.5

33060559.66

28443.84

0.0107

350x250x14.(

350

250

14

155.1(

26017.21

(1486.7(

129.52

15422.9]

11233.83

99.72

121

31479.9

3617160.03

32546.94

0.0105

400x100x6.0

40(

D100

57.63

10128.17

[ 506.41

132.57

1105.72

221.14

43.80

45.1

3414.47

232019.29

5157.8

0.0440

400x100x8.0

40(

D100

75.79

13039.4¢

) 651.97

131.17

1393.19

278.64

42.87

59.2

4363.1¢

310866.91

6490.1

0.0423

400x100x10.(¢

400

100

10

93.42

15725.68

786.28

129.74

1643.38

328.68

41.94

72.9

5217.14

384330.37

7621.9

0.0408

400x100x12.¢

400

100

12

110.57

118191.09

b 909.55

128.29

1858.20

371.64

41.00

86.2

5976.87

449938.48

8549.0

0.0394

400x100x14.(

400

100

14

127.1(

20439.93

11022.0(

126.81

2039.57

407.91

40.06

99

6642.79

505956.60

9268.1

0.0380

400x200x6.0

40(

D200

69.63

14785.25

b 7/39.26

145.72

5088.72

508.87

85.49

54.5

12060.4

P1159068.53

13543.63

0.0210

400x200x8.0

40(

D200

91.79

19186.04

) 959.30

144.58

6565.75

656.57

84.58

71.8

15746.8

81599103.11]

17662.21

0.0204

400x200x10.(

400

200

10

113.47

123330.68§

1166.53

143.472

7938.14

793.81

83.66

88.6

19263.5

P2047059.14

21573.82

0.0198

400x200x12.(

400

200

12

134.57

127223.68

§1361.18

142.26

9208.88

920.89

82.74

105

22608.6

' 2493509.2¢

25273.59

0.0193

400x200x14.¢

400

200

14

155.1(

)30869.64

11543.44

141.08

10380.91

11038.09

81.81

121

25780.7

12930221.1G

28756.74

0.0188
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400x200x16.(

400

200

16

175.14

0342 73.09

p1713.65

139.88

11457.17

(1145.72

80.88

142

28778.2

33350097.39

32019.11

0.0184

400x300x6.0

40(

D300

6

81.63

19442.33

) 972.12

154.33

12553.2¢

) 836.89

124.01

63.9

23641.2

83016364.19

24213.73

0.0085

400x300x8.0

40(

D300

8

107.79

25332.61

11266.63

153.3(@

16327.74

11088.57

123.0§

84.4

31050.1

14178955.54

31828.44

0.0084

400x300x10.(

400

300

10

133.47

130935.68§

1546.74

152.27

19903.9]

11326.93

122.14

104.3

38218.7

05384437.74

39204.23

0.0083

400x300x12.(

400

300

12

158.54

136256.33

$1812.82

151.23

23285.8]

11552.39

121.20

123.9

45144.5

36614143.36

46335.04

0.0083

400x300x14.

400

300

14

183.1(

)41299.34

2064.97

150.18§

26477.43

11765.14

120.25

143

51824.8

D7851128.35

53215.23

0.0082

450x250x8.0

45(

) 250

8

107.79

29604.04

)1315.74

165.73

11994.34

| 959.55

105.49

84.4

27110.3

13640276.67

29519.42

AR E R m e m

0.0154

450x250x10.(

450

250

10

133.44

136153.19

)1606.81

164.61

14589.61

p1167.17

104.57

104

33309.9

14676963.91]

36252.6(

0.0150

450x250x12.(

450

250

12

158.54

042371.93

$1883.2(]

163.49

17030.8¢

)1362.47

103.65

124

39273.7

/5727540.47

42714.7(

0.0146

450x250x14.(

450

250

14

183.1(

48265.57

12145.13

162.36

19321.63

$1545.73

102.72

143

44999.7

16776676.7C

48900.04

0.0143

450x250x16.(

450

250

16

207.14

$53839.1(

2392.85

161.21

21465.4¢

p1717.24

101.79

167

50485.6

37810669.8§

54803.24

0.0141

500x300x8.0

50(

D300

8

123.79

43137.48

1725.5(

186.68

19738.3(

)1315.8¢

126.21

96.96

42609.4

07291430.24

45510.24

0.0120

500x300x1.0.(

500

300

10

153.47

152843.44

}2113.74

185.59

24108.91

11607.26

125.36

120.1

52502.8

9379729.34

56077.64

0.0118

500x300x12.(

500

300

12

182.54

162129.74

12485.19

184.5C

28262.49

»1884.16

124.44

142.8

62087.1

11515275.8

156306.44

0.0115

500x300x14.(

500

300

14

211.1(

71002.1§

2840.09

183.40

32203.14

12146.86

123.51

165.06

71359.63

$13672697.7

0/6189.99

|
b
|
|
)
)

0.0113

500x300x16.(

500

300

16

239.1¢

7/ 9466.59

)31 78.66

182.29

35935.19

)2395.68

122.58

186.88

80317.7§

$15828827.8

H85721.79

)

0.0111

Notes: 1. The section axis x of this range corradpdo the axis y of the TU 36-2287-80 range. Tdwtign axis y of this range corresponds to the

axis z of the TU 36-2287-80 range.
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Bent steel C-shaped equal-leg profiles according to GOST 8282-83*

No h| b| s| a|R| Al X| Wx| & k| Y| W yi|o]| P| H| x| ol | @ | B8 | Wal| Wi2| WiB| & k

mm| nm| nm| nm aP a4 97’8 M 9 eS| an| [ & g M2 mmR o mm2 9 g 9 916 18m
120x5HBx18x5( 12 S 5 18 (7 W7 20 |40 |24 |48 | 15| 191 18 99 W/ 243 UE M6/ PBED (1P 26 1164 00168 |
A0x180x50x3 4P 10 B D (4 240 & (3B | BB 86| 111 607 56 18 (0 |78 14668816738 2AB]l 18/ 106 2208/ O00IR
OxE0x0x5] I B H 0 |7 H4 B |18 | 10HB(116| L) 27 1§ 1912 26 PA 4019 BPH|760| A2 A4 206 00B0
TOxbxx4| 5D &b 4 P |6 P66 M3 |3 | BH| 10| Al 197 16 24 10 |15 R0 088 1274 613 491 623 0035
A0x160x60x4 AP 140 4 @ |10 3 o1 (3B B2 120) 18 615 O AB (P |7V MMEEB|1IBE3 B B 196 4B 00D
A0xBx0x4| 410 6 4 I |6 PO A4 (ZH (@011 2| 1B 1P 11 1 PB 4R [ABAl 72| 4462 3 AH 00
A0x180x0x§ AP W0 b D |7 P4 9B |47 | B3 13 16 S S5 D 6 |74 10WE/|1IB6/4 A XB 1S 4410 00dS

Notes: 1. The section axis x of this

_=
00

ange corraedpdo the axis y of the GOST 8282-83* range. Tdatian axis y of this range corresponds to the

axis z of the GOST 8282-83* range.
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Wmax

Wmax

Bent Z-shaped profile

h b bl S r A JX Wx Jy W[ Jxy 0o JoA Jd K Womin | Ju Jv

Haspa mm | mm| mm| mm|mm|sm*2|sm™| sm"3] sm™4sm*3| sm*4| deg.| sm™6 sm*4 sm™MLl sm™M sm*4 sm™M
Z50x32x20x1,0 50 32| 20 1 3] 144 53p 2712 509 1/65 390 Mn.64.27 [ 0.0054 0.0061| 4.01 1.39 9.09
Z50x32x20x1,5 50| 32| 20| 185 3 21p 76p 3.05 737 2[36 6.21.41447559 | 0.0179 0.0095| 5.75 1.37 13.62
Z10x32x20x1,0 | 100 32 [ 20 1 3| 194 28.065.61| 519 1.65 9.10 19.75172.31| 0.0072]| 0.0040| 8.10 2.10 31.14
Z10x32x20x1,5 | 100f 32 [ 20| 15| 3| 2.87 40.998.20 | 7.37| 2.36 14.4120.30| 242.42]| 0.0241| 0.0062| 11.67 | 2.20 46.15
Z15x32x20x1,0 | 150| 32 | 20 1 3| 244 75.010.01| 5.19| 1.65| 14.29 11.12| 358.29| 0.0091| 0.0031| 12.34 | 2.41 77.84
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